PLAYBOOK Gl 


Contents 


1 Executive Summary 4 


2 Introduction " 


1 Project Background and Context “ 


‘Technology Selection 1° 


'5 Schedule Compaility 2 


6 Sustainability nd Equity Analysis 2 


17 Fleet and Facility lan eo 


‘5 Umplementation Pn 


Contents 


[Appendix Ac BEB State of Charge Analysis 


‘Appendix B:Equlty Analysis 


‘Appendix C: District Design, Operations and Maintenance n 


Appendix D: District Concept Plans as 


Appendix Feet Transition Cost Analysis % 


‘Appendix F: Cost Estimates 102 


Appendix : Maintenance and Welght Considerations mi 


‘Appendis Ht Review of Bus Depots to Accammodate FEBS ma 
‘Appendix: Environmental Benes 1 


‘Appendix J: Peer Agency Interviews 14 


Acknowledgments 151 


1 Executive Summary 


SEPTAis committed ta transitioning away 
from diesel powered buses to ensure a 
‘lean, sustainable, and resilient future. The 
‘agency is planning fa a ful transition to all 
zoro-emission buses (ZEB), which could 
include a cambinatian of battery-elactrie 
buses (BEBs) and fuel cll electric buses 
(FCEBs). Mis playbook outlinas the planning 
‘and analysis to support a full transition 

by the year 2040, provided that funding is 
available for the necessary infrastructure 
investments, 


SEPTAS plan fora transition to all ZEBs is 
presented here as a "playbook" in order to 
‘convey that it will bea planning process, 
‘and implamentatian decisions will eantinue 
ta be refined aver time. The 15-to 20-year 
transition period wil include signieant 
facility upgrades that need to be planned 
years in advance, while also monitoring 
‘constant improvements in zoro-amissian 
bus tachnolagy impravemants. Navigating 
this dynamic will require a flexible approach 
within the context ofa langer-tarm vision 
that ean continue ta be refinad ever time. 
The analysis prasented in this playbook 
provides direction for haw SEPTA can 
transition to all 2ar0-emission buses by the 
year 2040, including where ta pharitize initial 
investments and next steps for piloting 
‘concepts and beginning the imalemantation 
process. Future iterations ofthis playbook 
‘can incorporate lessons learned from 
piloting implementation concepts, additional 
‘analysis on key topics such as the likely 
‘eed for a new garage and addtional 
tachnalogy monitoring overtime. 


This playbook focuses on maximizing the 
use of ZEBs within the SEPTA fleet, To the 
‘extant that BEBs are used, SEPTA may nead 
ta overcome range limitations by installing 
‘some an-rauta charging and making 
schadule changes that add to operating 
‘costs and the ttalflaet requirement. 

SEPTA has identified overhead drop-down 
pantograph as its preferred BEB charging 
technology far charging at depots and 
‘on-route locations, consistent with many 
peer agencies in the United Statas, To the 
‘extant that FCEBs are used, SEPTA will nod 
ta overcame challenges related ta siting 
hydrogen fueling infrastructure and fuel 
costs, 


‘Service Compatibility and Fleet 
Replacement Plan 


Differant types of ZEB technologios have 
different performanca characteristics and 
thus differant levels af compatibility 1 
‘operate SEPTA' existing bus schedules, 
Schedule compatiblity is one of many 
factors te cansider when evaluating 
potential ZEB technologies. FCEBs have 
an operating range on the order af 300 
mils, which can accammadate al af 
SEPTAS existing bus schedules, Tracklass 
trolleys have an unlimited range as they 
‘are powered via everhead wire, BEBS have 
‘amare limited range based on battery 
‘capacity, so careful study af BEB service 
‘compatiblity is necessary. 
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in the winter could increase schedule 
‘compatibility by 16 to 20 percentage points, 
‘while this option is used by peer agencias, 

SEPTA has sought to avoid itso far because 
it would produce a small amaunt of tailpipe 


Basod on existing procuremant contracts, 
ifoptional purchases are executed, the 
‘earliest that SEPTA could be able to begin 
recelving delivery of anly ZEB would be 
2026. Based on SEPTA® 16-year bus lifetime, 
Under this seanaria the last fassil fuel buses 
‘would be replaced in 2040, achiaving a fully 
ZEB float. timaline for achieving a fully 
zera-emission fleet by 2040 aligns well with 
‘eornitments made by peer agencies such 
as Naw York City MTA, NJ Transit and CTA. 


Facility Upgrade Plan 


Transitioning toa ZEB Reet requires planning 
tacoordinate the delivery of ZEBs with the 
supportive facilitias needed for charging/ 
fualing ang storage. With eight main bus 
districts anda fleet of over 1,400 buses, the 
2ZEE transition will be a major undertaking 
lasting 18 years or more. facility planning 
‘offort was completed to understand the 
ature of facility upgrades needed to 
support a ZEB fleet and ta develap an 
appropriate conversion timeline. 


For BEBs, the project team selected a 
strategy in which aach garage would have 

‘two fast chargers placed in fueling lanes, in 
addition to]as many slaw chargers as can be 
‘accommadatad within each facility. Facility 
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Upgrade plans also include switchgear. 
transformers, utility requirements, 
maintenance bay upgrades, and backup 
power generation for resiliency. Withaut 
resiliency solutions such as backup power 
-oneration and battery storage, SEPTA could 
find itsalf unable to maintain reliable bus 
service in the event ofa powar outage, A 
network of en-route charger locations would 
also be needed to extend the range af BEB, 


For FCEBs, the project team developed 
‘estimates of the necessary fuel tanks, 
pumps, vaporizers rnaintenance bay 
Upgrades, and fueling stations and 
dispensers required at each bus district, 
The layout of each facility was also 
reviewed ta confirm whether there may be 
suitable space for hydrogen fuel storage 
in compllanca with safety requirements. 
ur research found that some districts 
cannot store hydrogen fuel due to space 
constraints, and others are questionable 
based on the infarmation available at this 
time: these issues will be addressed 
further in Chapter 


‘The review of SEPTAS bus facilities also 
revealed three factors that cauld impact 
storage capacity with a ZEB fet. First, 
there are a significant number af buses 
‘currently stored in nan-standard or overflow 
‘eas, where they would net be able to 
use a siow charger overnight. In addition, 
the installation af charger equipments 
‘expected to reduce storage capacity dua 

ta space and tolerances required, and 
hydrogen fueling infrastructure wil similarly 
displace existing parking and storage. 
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Finally, schedule compatibility analysis flaet conversion process, Mare discussion 


indicated that many vehicle schedules and study will be needed ta develop 
will require medifications to become ‘SEPTHs preferred solution to this issue and 
compatible with BEBs. producing fleet Understand its financial implications. 
Increase of at laast 25 buses intatal to 

‘ensure schedule compatibility The Reot The projected sequencing of bus district 
increase ta accommadata BERS is smaller Upgrades to accommodate the anticipated 
if the fleet uses more FCEBS and fewer ‘grawth of the ZEB fleat avar time took 
BBEBs. In total, this analysis shows that into account a number of factors shown in 


‘SEPTA wil likly require a new bus garage or Tables 1 and 2 below. 
‘expansion of existing districts as part ofits 
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The upgrades ata given uistrict would 
fet necessarily eceur in a single yaar. It 

is anticipated that these upgrades could 

be completed in incremental places that 
roughly align with the grawth of the ZEB fleet 
that naeds to be accommodated. Figure 

1 shows a potential conversion timeline 

in which upgrades at several garagos are 
‘completed aver the course of sixar seven 
years. The blue color indicatas the planning 
‘and design before each garage upgrade, 
while the grean calor indicates the period 
‘over which upgrades are implemanted. 


Next Steps and Further Analysis 


‘According to the implementation timaine, 
Midvale will need ta bogin receiving ZEBS 

in 2028, and Alaghery, Callowhill and 
Frankford will naed to begin receiving 

‘ZEBs in 2028-2029, Detailed design 
‘enviranmental review and construction may 
take up to five years, and so mare detailed 
planning and design far these districts 
should begin in 2022-2022, Detaled design 
will nlp ring the preferred ZEB types for 
tase distriate: Thus far, Midvale is rated as 
feasible far hydrogen fuel storage, Allegheny 
‘and allowhil are rated as not feasible, and 
Frankford is rated as maybe feasible, The 
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‘design process should consider potential 
remote fueling solutions in eases where 
garages are located near each athar. To 
the extent that BEBS ara needed, amare 
‘detailed plan for phasing and design of 
‘on-roulte charging locations should also be 
undertaken, 


In the near term, SEPTA may alsa want to 
‘conduct the following pilots and analyses: 


> Apllot af fast-charging BEBS and 
storing them autdoars, uncennacted 
ta chargers, avarnight in the winter. 
This would be valuable to vat whether 
a fast-charging strategy is viable Tor 
buses storad in averflow and non- 
‘waditional parking spaces whare slow 
charging wauld not be feasible. 

> Apilot of 60°BEBs ahead of 
anticipated procurements that would 
begin delivery in 2028, Parfarmance 
data from such a pilot could be 
used ta do mare detailed schedule 
compatibility analysis an 80’ buses 
with loeal conditions, 

> Continuing to evaluate different pes 
ff bus heaters that could decrease 
battory consumption rates and 
increase schedule campatibility with 
minimal amiasians. 


In addition, the following next steps are 
recommerded as araas whera SEPTA can 
‘conduct further strategic analysis and 
correct course as neaded: 


> Develop a strategy to incorporate 
naw bus garage or expansion of 
existing storage 

> Evaluate how the Bus Revolution, 
SEPTAS comprehensive redesign ofits 
fentire bus natwork impacts schedule 
ccomparibility and charging strategies 

> Continue evaluating FEB 
technologios as well as feasibility of 
‘accessing large quantities af hydragen 
fuel 


> Analyze the potential impacts of FCEB 
ramete fueling operations. 


ZEB Cost Modeling 


The overall results of our cost modeling for 
the flaet transition periad of 2022-2040 are 
shown in Table 3 below. This shows that 
modeled operating costs would be lowar for 
the ZEB fleet seenarias compared with the 
hybrid fleet baseline aver the 2022-2040 
transition period: 6% lowar for the BEB 
‘seanaria er 4% lower for the 80% FCEB 
‘scenario. However, modeled capital costs 
forthe ZEB scenarios would be higher 
‘compared with the hybrid leet baseline: 
123% higher for the BEB scenario or 3% to 
1896 for the 80% FCEB scenario. In total, we 
anticipate that the BEB fleet scenario adds 
a cost of $48 ovar the transition period. 
while the FCEB fleet scenaria cauld range 
froma net savings of $58m toa netcost of 
262m, 


There are several reasons that the ZEB, 
seanarios could be mora castly than shown, 
‘Our estimates do nat consider the costaf a 
‘ow garage, which wil likely be needed to 
address existing capacity issues that would 
be exacerbates with the addition af new 
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fueling equipment ar charging equipmen 
at districts and which could significantly 
increase the capital investmant, The ZEB 
seanarias alse da not address any existing 
state of good repair needs or structural 
Upgrades that may naed to be addressed in 
conjunction with upgrades to accommodate 
‘ZEBs at each district, For BEBs, thare wil 
also ba casts associated with bringing 
additional PECO service taaistriets and 
‘en-route charging locations and further 
‘coerdination with PECO will be needed to 
idantify those costs. Thera ie alsoa risk that 
the anticipated subsidies do not continue at 
the lavel assumed. 


However, thera are also reasons that the 
ZEB scenarios may be more attractive 
than shown. The transition pariad includes 
the continued operation of hybrid buses 
Until 2040, so full operational savings 
fram transitioning will not be experienced 
Lunt the end ofthe periad In addition 

the transition period includes capital 
inyastmants to support the new fleet that 
would not be part of the ongoing financial 
pictura. An overview of potential funding 
‘options to halp offset transition costs 
and potential projact deivery option 

are described in the Funding and Project 
Delivery section of this report 


2 Introduction 


‘Across the country, many transit agencies 
‘ara beginning a transition away fram fossit 
fuals and toward ZEBs, While transit is 
already a sustainable form af transportation 
‘compared to singlo-occupaney vehicies, 
tvansit agencias have an appartunity to 
furthar contribute ta regional and national 
greenhouse gas reduction goals and improve 
local air quality by transitioning away fram 
diesel-powered buses. SEPTAis planning 
fara fulltransitian tell ZEB, whieh could 
include a combination of BEBs and FCEBs, 
and this playbook outlines the planning and 
analysis to support a ful transition by the. 
year 2040, i funding is made available for 
the investmants that will be nacassary ta 
‘charge and fuel thase new buses, 


SEPTAs transition ta zero-amissian buses 
supperts Governor Woll's Executive 

Order in January 2079, which stated that 
Pennsylvania wil strive ta reduce net 
gvesnhause gas emissions 28% fram 2005 
levels by 2028, and 8084 from 2005 lavals by 
2050." Locally, the shift ta ZEBs aligns with 
the City of Philadelphia's 2021 Transit Plan: 
Asian far 2046, And nationally, i aligns 
with the Federal Transit Administration's 
Sustainable Transit fara Healthy Planat 


Challenge to support Prasident Biden's 
greenhouse gas reduction geal of achieving 
‘amare than 80% reduction in graenhause 
gas emissions fram 2005 levels by 2020, 


Benefits of ZEBs 


‘The clean propulsion system of ZEBs 
provides many benefits ineluding zero 
tailpipe emissions, patentially lower 
‘operating and maintenance eosts, and 
better experiences for drivers riders, and 
the local cammunities where the buses 
‘operate. 


> Zoro Tailpipe Emissions: ZEB have 
20r0 tailpipe omissions as a result of 
the all-electric propulsion systems, 
‘thereby eliminating diract, toca air 
pollution. Vehicla exhaust generated 
bby burning diesel contains many 
substances that contribute te poor 
health and disaase. By eliminating 
\ahicle exhaust, ZEBS help to achiave 
better air quality and protect the 
‘health of the local communities where 
they operate, 
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> Low Greenhouse Gas Emissions: 
Although ZEBs praduce 200 tailpipe 
‘emissions, thera are indirect 
‘emissions associated with the source 
tf eloctrcity or hydrogen used. In 
this region, indirect emissions from 
electricity are stil lower far most 
pollutants than direct emissions 
associated with diesel bus cambustion 
‘and are likely to improve aver tima, 
Table 4 provides a comparison of 
emissions from clean diesel, hybrid 
electric, and BEBSs. 

> Lower Noise Pollution: Decreased 
‘noise pollution is an additional 
benefit affecting riders. drivers, and 
surrounding rasidants, As they da 
‘not possess traditional combustion 
‘engines, ZERs praduce less noise than 
diasel powered buses. Table § pravises 
‘a comparison of naise lavals preduced 
by various mada of transit 

> Potentially Lowor Maintenance Costs: 
Given the lack of a combustion engine, 
ZERs are expected to require less 
maintananee avar the lifetime of the 
bus when compared to conventionally 
fueled buses.’ The propulsions 
ssystome are expected to need lass 
frequent maintenance repairs since 


they have Fewer maving components, 
ZEBs do nat raquire oil and il filter 
Changes. Regenerative breaking is 
also expected to contribute te reduced 
‘maintenance costs, because brakes 
‘experience lass waar over tia 


> Potentially Lower Operating Cost: 
ZEB operating costs are projectad 
ta be lawer than corwentionally 
fueled buses due ta the increased 
fuel econamy.although actual east 
impacts will depend on the charging 
strategy and resulting electricity rates 
incurred.* Lower operating costs are 
alsa closely tied to operator driving 
habits, Driving habits significantly 
influence BEE efficianey and 
performance, 
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Playbook Concept 
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3 Project Background and Context 


SEPTA at a Glance 


The Southeastern Pennsylvania 
Transportation Authority (SEPTA)is the 
primary mass transit provider in the 
Philadelphia rogion, serving Bucks, Chester, 
Delaware, and Montgomery Counties, and 
the City of Philadelphia, SEPTAs service 
territary covers 4 millian people across 
2,200 square milas. SEPTA is the sixth 
largest mass tranait system in the US. 

and the largest in Pennsylvania, providing 
service to aver 1 illian weekday riders, 


SEPTA employs four main typos af buses: 
‘conventional diesel powered buses, 
hybrid-elactrc diasel powered buses 
electric trackless trllay buses, and BEBE, 
‘The average lifespan af a SEPTA bus is 


approximately 15 years, and SEPTA replaces 


approximately 100 buses each year. 


Fleet Composion by Drain Technoloay 
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SEPTA has phased aut nearly all 
‘conventional, combustion diesel buses 
through the purchasa of hybrid-eleetric 
diesel buses (Figure 2). SEPTA purchased 
the first of many diesel-powered hybrid- 
electri vehicles in 2002 and naw has aver 
1,200 hybrid-electre vehicles, representing 
loge to 208% af the entire feet. Delivery 
‘of adeitianal hybrid-elactrie buses will 
‘contirive through 2024, by which time 
hybrids and BEBs will eamprise nearly 100 
percent of SEPTA’s fleet. SEBs account for 
the smallest portion of SEPTA’ bus fleet 
SEPTA currently has 25 BEBs as part ofa 
pilot program that began in June 2018 at 
Southern Bus Distt. 


‘CURRENT FLEET 
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History of SEPTA BEB Deployment 
To-Date 


Recognizing the mult-faceted benafits of 
‘electrification, SEPTA began evaluating 

the feasibility of introducing BERs into 

its eet in 2014. SEPTA participated in 
vyohicle demonstrations and conducted a 
full assessment f the opportunities and 
challenges associated with aperations and 
maintenance befara moving forward with a 
pilot program at Southorn Bus District The 
pilot plased 25 BEBs in revenue operation 
in 2019. This section provides additional 
information about the Southern Bus 
District BEB deployment and discusses the 
preparations for a deplayment of FCEBs at 
Midvale Bus District. 


25 Buses ~ Southern (2016 Low-No Grant) 


In. 2015, SEPTA and several regional partners 
conducted a comprehensive engineering and 
planning effort ta evaluate tha intraduetion 
‘of BEB technology at Southern Bus District. 
SEPTA performed the angineering analysis 
and collaborated with Delaware Vallay 
Rogional Planning Commission (OVRPC) to 
reduce a vehicle technology analysis for 
Routes 29 and 79 originating out of Southern 
Bus District, The report compared the costs 
and benefits aftrackloss trolley service 
restoration, continued diesel-electric hybrid 
bus service with removal af ackless tralley 
infrastructure, and a BEB pilot program, The 
DVRPC report concluded SEBS are a viable 
‘option far the twa routes.” 


Pirate rg rapots tide 


In 2016, SEPTA was awardad a $2.6 million 
Federal Transit Administration (FTA) grant 
tunder the Low or Na Emission Vehicle 
Program (Low-No) forthe purchase of 25 
all-electric zera-omission 40-foot Proterra 
Catalyst buses, with 440 kWh batteries, 
‘and associated charging equipment at 
Southern Bus District. The $2.6 million grant 
represented the price differential between 
sigsel-olectric hybrid buses and BEBE. 
‘SEPTA matched the FTA grant with internal 
‘capital funds te caver the remaining cost of 
‘deploying the 25 BEBs, 


During the planning period, the rapid 
‘emergence af battary-electrie technology 
resulted ina change of course with respect, 
ta SEPTAs charging infrastructure strategy. 
Initially, SEPT planned to charge buses 
‘on-raulta with technology capable of rapidly 
‘charging a battery during a layover. With 
this option, a full battery charge could be 
achieved in lass than 10 minutes. However 
‘ew extended-ranga battery technology 
was intraduced during the planning 

stage that would enable SEPTA to charge 
buses overnight rather than periodically 
throughout the day. The ability to centralize 
‘charging operations at Southern Bus District 
and perform all charging activitias overnight, 
‘was considerad the preferred option fer 
SEPTA.A change order was approved by the 
‘SEPTA Board in March 2017 ta transition ta 
the naw battery technology. 
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‘At the projact onset, Southern Bus District 
had existing power capacity to charge 

‘no mare than five BEBS simultaneously. 

Ta meet the new power demands, SEPTA 
installed a 2 MW portable substation at the 
‘northwest corner of the property to provide 
the additional capacity to charge all 25 BEBs 
simultaneously overnight. The portable 
substation is cannested to 25 Tritium Inc. 85 
kW charging stations. ASEPTA employee is 
responsible for plugging-in and cleaning the 
buses as part af daly aperations 


In. June 2018, the BEBs entered revenue 
‘operation on Routas 29 and 79. Due to 
‘warranty and roliability issues, the busos 
‘ware removed from service in February 

2020. The "Range Analysis” section of 

this repart provides an overview of the 
performance of the 25 BEBs while in revenue 
‘service from June 2019 to Fabruary 2020, 


10 Buses (Future) - Midvale (2018 Low-No 
Grant) 


In. 2018, SEPTA was again awarded FTA 
Low-Na Program funding ta purchasa an 
‘additional 10 40-faot BEBs and associated 
‘charging equipment, The $1.5 million in grant 
funding was initially intended te be used 

ta purchase BEBSs for SEPTA’s Midvale Bus 
District, SEPTAS largest bus facility 


In May 2020, Burns Enginearing propared a 
study evaluating the feasibility af installing 
BEB charging equipment at the Midvale 

Bus District in preparation for the Neat 

‘of 10 BEBs. The study reviewed various 
‘charging technologies available to SEPTA 
and the feasibility of utilizing those charging 


tachnologias at Midvale Bus District based 
‘0n electrical, operational, and structural 
considerations. The study considered the 
‘charging equiprmant configurations needed 
ta accommodate flat sizes ranging from 
apilot of 10 BERs up toa ful fleet of BEBS 
(@20 buses), The study concluded that the 
‘ousting 13.2kV electrical service could 
potentially accommadate the new loads 
‘associated with 10 40-Taat BEBs to be 
procured for Midvale Bus Distriet using 

the 2018 FTA Law-Ne Pragram funding. 
However, the existing service will not 
supperta full-scale electric vehicle charging 
‘systom, and an elactrical service upgrade 
‘would be necessary. Should SEPTA decide 
talnstall roof-mounted charging equipment 
at Midvale, structural modifications are 
equirad to support the charging equipment 
for both a plot and full fleet of EBs, 


In June 2020, SEPTA was selected to receive 
84.3 milian through the FTA Law-Na Grant 
Program to support updatas to Midvale's 
‘lectrical infrastructure. The prajact 
proposes ta connect Midvale District to the 
Broad Street Line Subway traction power 
‘systom via Butler Substation, lovaraging 
‘existing power sources to establish a 
sealable souree of energy for ZEBs. 


In Spring 2022, SEPTA requested permission 
ta repurpase the grant far the purchase 

‘of 10 FCEBs at Midvale in erder ta gather 
performance data to eventually compare 
with the previously purchased Praterra 
EBs. The FTA granted authorizatian far this 
‘change in July 2022, sa SEPTA wil praceed 
with developing a FCEE specification and 
precurement. 
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In August af 2022, SEPTA was salected for 
‘$23 milion grant as part ofthe federal 
Low-No Grant Program Grants for Buses 
and Bus Facilities Competitive Program. 
‘These funds will support improvements 
including redundant power feeders, backup 
generators, and electrical substations, at 
three bus depots. 


Peer Agency Context In North 
America 


The number of agencies using ZEBs, 
‘specifically BEBS, has been growing in 

the United States aver the last decade 
from justa small handful of agencies in 
the early 2070s to avar 65 agencias in 

2018, The number of BEBG in the iS has 
also inereased significantly from alittle 
more than 80 BEB in 20'2, ta aver 500 in 
2018, The number of FCEBS in the US is 
‘considerably lower, with about 87 deployed 
asof 2022. 


‘The zer-emission bus industry is continuing 
ta mature and agencies across the country 
ara still determining the best path forward 
far transitioning their entire fleet to zara 
‘emission vehicles. Agencies are facing 
many of the same challenges and concerns 
‘about the transition from battary range 
performance, cold weather performance, 
hydrogen fuel supply and starage 
‘challenges, and the addtional traning 
and upfront costs to accommadate zera 
‘emission buses 


Peer agencies from across the country were 
looked at te understand their approach to 
transitioning their fleets toall ZEB. The 
following provides an overview af several 
peer agencies, their approximate bus 

flaets and number of garages, and their 
timelines for full electrification. Appendix J 
includas nates from interviews with key peer 
agencies. 


> NUTransit, Now Jersey 


+ Electrification goal: 503% by 2020, 
1008 by 2040 

+ Garage and bus feat; 16 bus 
garages with avar 1,200 buses 


> Massachusetts Bay Transportation 
Authority (MBTA), Boston 


+ Electrification goal:current push ta 
cexpadite leet conversion to 2030 
and statewide dacarbanizatian by 
20650. 

+ Garage and bus leat; 9 bus 
garages with aver 1,100 buses 

+ Forecasting as one bus garage 
upgrade every 2-3 years ta support 
{ullelectrification 


> Metropolitan Transportation 
‘Authority (MTA), New York. 


+ Electrification goal: 100% by 2040, 
all new bus purchases after 2030 
‘must be ZEB 

+ Garage and bus leat; 28 bus 
garages with aver 3,200 buses 

+ Forecasting two ta thrae depot 
Infrastructure projacts to be 
completed aach year in order to 
‘support full electrification 
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Washington Metropolitan Area Transit 
‘Authority (WMATA), Washington D.C. 


+ Electrification goal: 100% ZEB by 
2048, all naw bus purchases after 
2030 must be ZEB 


+ Garage and bus fleat;9 bus 
garages with aver 1,800 buses 


‘Alameda-Contra Costa Transit 
District 


+ Currant ZEB fleet includes 28 BEBs 
and 28 FCEBs 

+ Planning far a fleet that is 70% 
FCEB and 20% BEB 

‘SunLine Transit Ageney 

+ Currant ZEB fleet ineludes 4 BEBS 
and 21 FCEBS 

+ Planning ta use mikad fleets at two 
operating divisions 

‘Stark Area Regional Transit Authority 

+ Currant ZEB fleet includes 12 
FCEBs 

+ Fuel deliveries of gray hydragen 

CChampaign-Urbana Mass Transit 

District 

+ Currant ZEB fleet includes 2 FOES 


+ Fuel produced using on-site 
lectrolyzor 


4 Technology Selection 


‘ZEBs usa an electrie-drive system powered 
by batteries, hydrogen fuel cals, or 

‘loctric wires, Different configurations of 
EBs and FCEBs ara being evaluated by 
twansit agencias with the goal ef replacing 
‘conventionally fuoled vehicles and thereby 
‘eliminating tailpipe emissions. Trackless 
Uwalleys can similarly be used as a ferm of 
ZEB technology. All three tachnalogias are 
avalable today, although BEBs and trackless 
trolleys areat a more advanced stage of 
ccomnmercialization and deployment. Table 
‘summarizes some ofthe kay trade-offs of 
these technologies. 


Tabi Single corgarsonof EB ond FED chr) dee 


Battery Electric Bus Technologies 


BEBs are powared by on-board batteries 
that can be charged via a variaty of differant 
‘charging technologies, either an route or 

at the bus depot. BEBs may have lowor 
‘operating and capital costs than FCEBs. 
However, BEBs do have range limitations 
and transit agencies often need to install 
‘on-route charging at layaver lacations and 
make schedule changes te accommodate 
battory ranges. Thare are avarity of 
sifferent charging mechanisms that ean be 
ised to re-charge buses atthe district or 
‘on-roulte. The fallowing section provides an 
‘overview of the benefits and drawbacks of 
the differant types of BEB charging systoms. 
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Battery Electric Bus Charging 
Technologies 


There are several waysin which charging 
‘mechanisms fer BEBs can vary. Chargers 
‘can vary by location, pawer type, power 
levol, and power transfer method. Ta 
successfully seale BEB technology, the 
selected charging solution(s) should 
maximize bus operating range, minimize 
facility impacts, and efficiontly utilize staft 
time. 


Location: Charging can happen aither 
at the depot (aistnict) or an-route, Many 
transit agencias prefer to maximize the 
amount ef charging that happens at the 
‘depot and minimize the amount af charging 
that happens on-route. Whila maximizing 
charging at the depot daes impact depot 
‘storage space, depat-based charging 

‘can maximize the usage of each charger 
and minimize the need for distributed 
maintenance activity. On route charging 
‘can alsa be prablamatic When bus layaver 
locations ara not owned by SEPTA which 
can camplicate the prospects of installing 
‘charging equipment. 


Power Type: Pawer type sefers tothe 
type ef eurrant used to charge the buses. 
The current from chargers can be eithar 
alternating current (AC) or direct current 
(DC). Most BEB models on the market utlize 
DC charging. The utlity-provided AC power 
is typically converted to DC power by using 
‘rectifier located within a DC charging 
‘cabinet that is installed withthe charging 
unit, Some BEB manufacturers in the North 
‘American market also offer AC chargingand 
perform the carwersion ta DC power onboard 
the bus using onboard converters, which 
‘adds cost and weight, However, the benefit 
‘of this mathad is that it aliminates the 


‘eed for charging cabinets, which reduces 
the amaunt of space required at districts 
‘Additionally, since the powar delivarad to 
the bus ig AC, future migration to inductive 
‘charging using AC powar is passibla, 


Power Level: Charger power levels can 
be categorized as fast charging or slow 
‘charging. Fast charging generally refers 

ta charging power above 150K and slow 
charging generally refars to power levels 
below 150 kW. While fast charging can be 
used on-route or at depots, stow charging is 
‘goneraly only used at the depot. 


Power Transfer: Power may be transferred 
tobus batteries using a plug-in, overhead 
conductive, or inductive solution. 


Pugsin 


> Plug-in charginginfrastructure 
consists ofa charging cabinet and 
dispenser. From the dispenser, a cable 
with a charging connector connects 
to acharge parton the bus. Low 
‘power plug-in chargers consist af a 
single dispenser and charger cabinet. 
Highar-powared chargers, typically 
starting around 160 kW, can provide 
‘power to multiple dispensers, which 
‘can charge several buses sequentially, 
‘helping to limit peak demand, 


Plug-in chargers can be mounted 
fan the ground or averhead. When 
‘mounted overhead, cords are pulled 
down fram the ceiling thereby 
eliminating charging cablas an the 
ground, However, there are limits a the 
length of tha charging cables. In some 
instances, overhead installatians may 
nat be possible without modifications 
1 existing raar structures, 
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Plug-in chargers are typically installed 
at the depot and are used to charge 
‘buses overnight. The benefits of 
‘lug-in charging inelude lower per unit 
Cost and the ability o take advantage 
of lower off-peak electricity rates by 
charging overnight. Despite those 
benefits, itis important to note that 
slug-in chargers typically utiliza tower 
charging rates, which results in longer 
charging times. Ground-mounted 
chargers may requira more space than 
‘thar charging solutions when utilized 
{or large deplayments, and plug-in 
charging isa hands-on process, as 
femplayaes must manually plug and 
‘unplug the buses. 


Overhead Conductive (Pantograph) 


> Overhead conductive charging utilizes 
apantograah in ane of two differant 
configurations: pantograph-up (vehicle 
roof mounted) or pantograph-down 
(infrastructure mounted). Untike 
plug-in charging. pantograph charging 
systems do not require an employee 
to manually connect the bus to the 
charging equipment. The pantograph~ 
down system (most commonly seen in 
Narth America) invalvas.a pantograph 
‘moving dawnward to connect ta charge 
rails on the bus to initiate charging. 
In the pantograph-up configuration, 
(commanly seen in Eurapa) a moveable 
‘pantograph installed on the raof af 
feach bus maves upward to cennact 
with a fixed charging rail to initiate 
charging, Both canfigurations require a 
‘ansformar, switchgear, and charging 
fequigment to be installed nearby 


The benefit af using the pantagraph- 
down system is that the moveable 
‘parts of the charger are nat on the 
‘bus, reducing any added woight 

‘and maintenance requirements, 

The bus height is also lower. which 
‘enables the bus ta pass under 
{ow-clearance bridges. A risk ofthe 
‘pantograph-down system is that i= 
‘that the moveable parts that are more 
Likely to malfunction are located on 
the charger, and a malfunctioning 
charging station ean have an impact on 
serviee if buses are unable to use the 
‘charger, Ragardless of the pantagraph 
configuration, bus oparaters must be 
trained to properly align the bus with 
the averhead charging infrastructure 
to ensure an effective charging 
session. 


Overhead conductive chargers 
‘may be installed on-route for fast 
charging during layavers ar for fast 

cr slow charging at the district. 

\When considering on-route charging 
locations utlizing overhead chargers, 
itis important to cansider that the 
charging infrastructure may intarfare 
with road elearanees or may require a 
dedicated pull-off lane, 


Wireless Inductive 


> Wireless inductive charging relies on 
the principle of resonant magnetic 
induction to transfer power betwen 
‘pads embadded in the ground 
and receiver pads mounted an the 
‘underside of the bus. Operators 
position the bus taalign with the 
charger using visual cues en the 
road and on the dashboard, When 
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‘the ground-mounted pads and bus~ Inductive charging is still considered 


mounted pads align, charging begins an amerging technology. There area 
automatically as power is transferred Limited number of manufacturers and 
Via the magnetic field eraatad by the nly a few BEE deplayments in North 
‘magnetic coils found within the pads, ‘America and Europe whara itis in use. 
The charging process does not invalve There is also na industry standard for 
any moving parts. the technology yet. leading to risks 
\When installed, the ground assembly assotiated with owning propristary 
does not obstruct roadways. technialogy 


Performance is not affected by 
standing water. rain, snow, ice, oF 
road salt and is capable of being 
‘lowed aver during snavry conditions, 
Maximum power levals far inductive 
charging are not as high as that of 
conductive charging and can range 
{orn 80-480 KW. 


Wireless inductive chargingean be 
utilized for both depot and on-route 
charging, Inductive chargingis useful 
at en-route locations because the 
‘systom has a emaller infrastructure 
{footprint compared to other 

charging technologies, requires no 
manual connections to cammence 
charging, and does not interfere 

with raad clearances or sidewalks. 
Disadvantages of inductive charging 
include a lass efficient charge if 

the bus isnot properly aligned with 
the charging pads and patentially 
hhighar costs ifthe charger must be 
completely remavad and repaired 
Wireless chargers also require coolant 
systems for the charger receiver on 
the bus, which means a greatar level of 
intagration with other bus systems. 
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Fuel Cell Electric Bus Technologies 


Vehicles and Performance 


rita ta 


E 


cantinually being racharged by a hydragen 


fuel call. While a BEB stares all of 
in alarge battory, a FCEB stores most ofits 
energy in prassurizad hydrogen gas used 
ta a small battery. Te only direct 


‘emissions from a FCEB are heat and water 


FCEBs de nat 
additional energy use 
which is nat the case far BEBs. Unlika BEBs, 


uel acti Bus 


there will be na need far an-route charger 
taensure aperatianal compatiblity, and 
changes to operatar schedules shauld 
ary unless of ling 
Performance data from the 
Alameda-Cantra Cesta Transit District 
(AC Transit) hows that FCEBs have lower 
availablity, of readiness to operate each 
day, than diasel uses but higher availabilty 
than BEB, (Hawaver, AC Transit has less 
experience with BEBS than with FEES] 
Their data also show similar costs per mil 
‘energy and maintenance 
o-emission aus markat, FCEBS 


 camman than BEBs. As af 2 


are estimated to be approximately 


FCEBs daplayed in th 634 of all EBs, 
However, these numbers are increasing, 
rapidly. Currantly, Now Flyer offers 40’ and 
60'"Xeolsiar Charge H2" FCEBs with 37.5 ke 
to 50 kg fuel capacity. El Dorada (ENO) aers 
38'and FC" FCEBs with up ta 80 
ikg fuel eapacity. Both companies are Buy 
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Fuel Considerations 


\when transit agencies begin to procure 
hydrogen fuel, they can choose from several 
different types that have diferent levels 
‘ofenvirarmantal sustainability and life 
cycle emissions. The differant approaches 
to producing hydrogen also have cost 
implications, with mare sustainable fuel 
being mare expensive, in kaeping with the 
broader goals of the Zara-Emissions Bus 
Playbook, SEPTA’ choice of hydrogen fusl 
type will prioritize more sustainable options 
ta the extent they areavailable, See Section 
6, Sustainability and Equity Analysis, for 
‘emissions projections from aifferant fueling 
scanatios, 


‘Transit agencies using FCEBs may 
generate hydrogen fuel on-site or have it 
trucked in by a vendor. On-site generation 

isnot considerad a feasible option for 
'SEPTA, based an a review of its technical 
fequiraments:On-sita ganaration ia 
‘electrolysis requiras substantial space 

and electrical upgrades. An elactrolyzr 
producing 4,000 kg daly for a bus cistrict 
‘would require about 11 MW of electrical 
‘capacity and about 17,700 square feat of 
space, including liquefaction equipment and 
electrical aquipment. On-site generation 
would also require a great deal of new 
staffing and exportise, Alternatively, if fuel 
is trucked in, storage tanks and dispensers 
fora bus district mightrequire about 600, 
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kW of electrical capacity and about 870 
‘square feet of space, including storage and 
‘electrical equipment. SEPTA does nat plan 
ta pursue on-site hydrogen generation at 

this time, but fuel delivary may be feasible 


Hydrogen can be stored and transported 
in either gaseous or liquid forms. Gaseous 
hydtogan ig the farm that ultimataly 
‘consumed by FCEBs, and itean be 

stored in vehicle fuel tanks under narmal 
temperatures and high pressure. Liquid 
hydrogen tends to be the more attractive 
form for storage and transport because 
ithas an eight-times greater density 
‘compared with gaseous hydrogen, This, 
reduees the size of storage tanks and, 

iffualis being delivered, requires fewer 
<oliveries. Liquid hydrogen is stored at 

\ory low temperatures and normal ambient 
pressure, Liquid hydrogen can be canvertod 
ta gaseous farm for FCEBS using a pump and 
‘vaporizer prior to dispensing, 


‘The figure below summarizes the mast 
viable approach to hydrogen supply at 
SEPTA bus districts. Hydrogen would be 
<dolivared and stored in liquid form, and then 
it would be canvartad to gaseaus farm to 
fuel buses. 
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The current availabilty of hydrogen fual from 
Vendors is limited but grawing, As partof the 
research for this study, our team identified 
ten supplier sites ranging from 360 rile 
away to over 2,000 miles away though 

more local suppliors are expecta in the 
future). Qur team intarviowed three of the 
‘companies, and twa Indicated that they have 
‘current capacity to support SEPTA’ flaet 
with green hydrogen. They indicated that 
liquid hydrogen costs in the range af $7 to $9 
per kilogram at delivery. which aligns with 
NREL reporting of $8.86 as the average cost 
per kilogram, 


Trackless Trolley Technology 


Trackless trolleys (also callod tolleybuses) 
‘started operating in Philadelphia in 1923. 
‘These are rubber-tirad vehicles with two 
polason top that cannect with overhead 
‘wires. One pole receives power from a lve 
‘overhead wire (positive return), and the 
‘other pole connects toa different wire for 
grounding (negative return), SEPTAs vehiclos 
requita overhead wire for te entira length 
‘ofeach trackless trolley route, though 

they have the ability to travel off-wire fora 
limited time using diesel fuel, There are also 
vohicle types that can operate off-wire fora 
Tiited time using battery power. Tracklass 
trallays are electri vehicles with similar 
benefits to ZEBs in torms of emissions 

and energy efficiency. Trolleybuses were 
‘papular form af transit inthe early to 
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‘mid-1900s, but taday they are only used by a 
small number of IS transit agencies. Seattle 
and San Francisca have continued using 
twalleybuses in part because they perform 
‘wail en hilly opagraphy. Gaston iin the 
process of phasing outits trackless trolleys, 
leaving Dayton and Philadelphia with the 
last trackless trolley fleets in the eastern 

us. 


(One of the primary reasons for the national 
move away from this propulsion type isthe 
associated infrastructure requirements, 

The overhead contact system, substations, 
poles, wires, and cross spans can cast 
approximately $5M to 87M per mile one-way. 
Facility maintenance costs for tracklass. 
tualley services also consistently much 
higher than for ather bus service, based on 
2018 NTO data, 


Based on the findings of tha preliminary 
cost analysis shown in the call-out box, 
‘expanding the trackless trolley network is 
net cansidered a financially viable way far 
SEPTA to pursue a zera-emission fleet. This 
results primariy drivan by the high cost of 
‘overhead infrastructure to power trackless 
tvolleys. Our team also studied variants 

in which the infrastructure mileaga was 
reduced to reflect vehicles with off-wite 
ccapabiities, but this uid not reduce costs 
‘sufficiantly to make this mode viable. For 
these reasons, trackless trolleys have bean 
‘excluded from further evaluation in this 
study, 


Technology Fueling and Utility Needs 
and Partnerships 


SEPTA may consider pursuing various 
partnerships that can support fueling ot 
‘charging a FCEB ar BEB fleet. There will 
licaly baa need for electrical upgrades 
coordinated with PECO, the local utility 
serving SEPTA. The PECO rate structure 
‘could alsa be an araa for eoardination, as 
there may be opportunities far new rate 
‘lasses that better support electric bus 
‘charging. Original equipment manufacturers 
(OEMs) offer such partnerships as 

turnkey servieas including planning, 
‘design, financing, operations, and energy 
‘optimization ~ though mast larger transit 
agencies handle these functians in-hause, 


‘Several transit agencies deploying FCEBS 
wore interviewed as part of the research 
far this plan; a camman partnership 

they identifiad was cutsourcing the 
‘operation and maintananca of specialized 
hydrogen generation, storage, and 

fueling infrastructure. Savaral hydrogen 
suppliers were also inter viewad ta inferm 
this plan. The suppliers indicated that 

they offer additional services beyond 
delivering hydrogen fuel. They offer turnkey 
infrastructure solutians quoted in the 
range of $2.5M to $5.5M. Contracts also 
‘can include installation and operation ofall, 
‘equipment for a manthly fea, 


Additional detail about potential 
partnorships i provided in the section 
“Funding and Project Delivery Options" in 
Chapter 7 
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Preliminary Cost Analy 
sf um ratos, or implementation phasing, This 


preliminary cost analysis was conducted _ preliminary analysis focused on Southern 
to understand whether expanding SEPTA's District. whose operating characteristies 
tvacklass trollay system might be a viable are relatively compatible with the potential 
alternative to other types of ZEB technology. _typas of propulsion. 

‘This analysis considered the costs af vehicle 

purchases, on-route equipment, electricity, ‘The specific assumptions used in this 
maintenance, and faclity upgrades over analysis are identified in the table below. 
‘15-year period, Far simplicity, did not These come from a mix of sources identified 
‘consider the impacto inflation, discount bolow the table, 
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Cost Estimates at Southern Division with Different 
Propulsion Types ($M over 15 yrs) 


sa Vehicle Purchases 
saEledrety or Fuel 
‘Equipment On-Route 
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‘The results of thi analysie ar illustrated 
in the graph above, This shows that the 
Trackless Trollay option coula ba 40% to 
79% more expensive than the FCEB option 
‘and 62% to 107% more expansive than the 
BBEB option. Tha cast af an-route power 
infrastructure would have to drap by 75% 
tabring trackless trolley costsin line with 
FCEB costs. (Nate that this analysis follows 
‘differant methagolagy from the mare 
detailed cost modeling included latar in 
this study, ang their results should not be 
‘compared directly) 
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5 Schedule Compatibility 


Battery Electric Bus Compatibility 


This analysis saeks ta datermine where 
SEPTA bus service is mast and least 
Suitable for electrification, taking into 
‘consideration performance data gathered 
from the Proterra BEB pilot on Routes, 

‘29 and 79. As tachnalagias continue ta 
improve in the coming years, this work will 
also provide tools for SEPTA to evaluate 
various scenarios and make adjustments, 
The results will help inform a framework 
for SEPTA ta work toward its goal of full bus 
fleet electrification, while aiso providing 
pragmatic information about planning fer 
Uncertainty. 


Adatailed simulation of BEB operations was 
Undertaken to understand what portion af 
SEPTA bus service wauld be compatible 

ta operate with BEBs under different 
seanarias. The madal is dasignad to predict 
the state of charge (SOC) of BERS as thoy 
tvavel through a day's worth of aasignad 
trips. This daily assignment, called a vehicle 
blosk, isthe main unit af analysis in eur 
modeling, 


Ta simulate the SOC of BEBs, the project 
team developed several assumptions 

and seenarias that adress BEB battery 
performance, charging mechanics, and 
‘on-route charging networks, The full sat 
‘of assumptions can be found in Appendix 
‘A. These assuinptions are conservative 
and raprasent reasonably worst-case 
performance, 


Our analysis also compared several 
scanarios with different potential networks 
‘af an-routa chargers. Te develop these 
networks, SEPTA staff evaluated the 
feasibility ofits layover locations ta 
potontially accommadate on-route chargers. 
This evaluation considered factors such as 
‘whether the lacation was. transit centor, a 
bus turnaraund loop, or on-street, whether 
there was space to install necessary 
‘electrical infrastructure, and whether the 
location was pwned by SEPTA, another 
government entity, ora private entity. This 
procass concluded that the most realistic 
seanaria was a natwork of an-route charger 
«at 22 SEPTA-awned locations; hawever, the 
specific locations included may be retinas 
‘overtime in later phases of planning and 
design. 
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medeling results show that a 
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he schedul 


full leet electrification, same changes 
would nead to be considerad ta address th 
servlee that is mast difficult to electrify. 
analyzed several types of strategies that 
ld be used to mpatiility 
with BEBs. Qvar the course of the tra 


> Schedule changes, such as splitting 


Implement adaita 
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2. For example 


nad by other 
imatad to increase 
bility by 8 po 


antag 


points at tha city districts 


‘Adopt improved BEB technologies 
that are coming ta market. Fo 


‘example, BEBS wit 


ha B60 lavh battery 


oul significantly increase service 
‘compatibility Similarly, technology 
improvements ralated to bus heating 
could have a major benefit in tarms 
‘of expanding ranga,as this heating 


ergy represents abouta quarter 


iger blacks ar increasing tayava of ener ian during winter 
times. Thi isan effective strategy for conditions. 
sing compatibility but it has 
servo 


PLAvBG0K (@ 


Schedule Changes 
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Technology Improvement 


Improved technalogy aptions could lead 
ta broader compatibility with SEPTA 

bus service. For example, our modeling 
‘estimates that larger 680 kh batteries 
‘could inereasa schedula compatibility 
significantly (18 percantage points). Battary 
consumption rates ara also expected 

ta decline aver time as anargy dansity 
improves. Within the next decade, this 
twend is likely 10 yield a madest benefit 

ta schedule compatibility 4 percentage 
points}. For the service that is most dificult 
ta electrify, oftan due te long distances 
traveled in suburban areas, FCEBs are being 
‘considered. FCEBs have significantly longer 
rangas than BEBs, potentially up to400 
miles. 


Fuel Cell Electric Bus Compatibility 


‘As noted ealer, FCEBS have an operating 
range on tha ardar of 200 miles. Asa result, 
FCERs would be compatiie ro operate all of 
SEPTAs existing bus schedules, 
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6 Sustainability and Equity Analysis 


Background 
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Methodology 


The equity analysis sa0ks ta help prioritize 
ZEB dployments among different 
‘operating districts by understanding 

the demographics ofthe areas served. 
‘Spoeificaly, we calculated the percont 

low income and percent minority within a 
half-mile of each ofthe eight SEPTA bus 
‘garages and within a quarter mile of the 
Toutes operatod by the same bus districts. 
Percent low income reprasents the share of 
populatian belaw 2008 of the poverty level, 
Porcent minority represents the non-white 
share of the population. The Equity Analysis 
utilized census tract level data from the 
‘American Cammunity Survay (2018-2019) 
five-year estimates. The percentage results 
‘ara found below in Table 12. 


Findings 


The overall equity analysis values and 
privity ratings are shawn iy Table 12 anct 
Table 13 balow. "Low" ratings were given 
far low-ineame or minarity values below 
20%, "madium” ratings were givan for 
‘values between 30% and 46%, and "high 
ratings were given for values greater than 
‘45%, Distriets with high overall equity 
rating include Alleghany, Calowhil, 

Comly Frankford, and Midvale, Districts 
with madium overall equity rating include 
Southern and Victory. The anly district that 
hada low overall equity rating is Frontier. 


Tobe 12- Pecan we rcareord rary whi hfand uot mat each burditet 


We alsa mapped law-inceme and minarity 
populations ta understand their geographic 
‘istribution. As seen below in Figure 8, the 


share af population below 200% the federal 
poverty leva is mostly concentrated within 
Philadelphia County, Allegheny, Midvale, 
Comily, Frankford, Vietary, and Callowhill 
Districts have a range between 42% to 61% 


in this low-income eatagery. The Frantier 
and Southern Districts have 158 to-21% of 
population in this law-incoma category, 
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‘As sven below in Figure 9, the rinority minerity population shares are sasn near 


populations within the service area are Frantiar and Southern Districts, 
‘concentrated within Philadelphia County. All 

‘of the bus districts in Philadelphia except 

Southern serve high minerity populations 

ranging fram B0%6 ta 95% (Vietory,Callowhil, 

Alleghory, Midvale, Comly, Frankford). Lower 
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Projected Emissions Reductions 


As redueing local alr pollution and lifecycle 
carbon emissions isa primary mativator 

for transitioning to a zero-emissian fleet, 
SEPTA developed emissions projections to 
‘compare differant future seenarias. This 
modeling dermanstrates that converting toa 
ZEB float wil yield significant environmental 
benefits to SEPTAS service area, The 
projected emissions reductions consider not 
‘only tailpipe emissions, but also upstream 
‘emissions related to power generation 

Fuel praduetion, and delivery. At the end of 

a transition ta anal BEB seenarla, annual 
C0, emissions would be 7434 less, NO, 
‘emissions would be 9495 less, and PM, 
‘emissions would be 459% less compared to 
pre-transitin figures. 


‘Acthe and af a transition ta the FCEB 
seanaria, annual CO. emissions would 

be 5935-073 loss, NO, emissions wauld 

bbe 9156-9594 lass, PM, emissions wauld 
bbe 5934-2684 loss. (The range of values 
‘aepends.on whether SEPTA uses “gray” 
hyatagen praduced trom fossil fuels via the 
SSMR process, of ‘green hydrogen produced 
Using electricity generated from renewable 
energy sources. As noted earlier, SEPTAS 
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igure 10 Surman precedes 2060 


‘choice of hydrogen fual type will prioritize 
‘more sustainable options tothe extent thy 
ara avallable; mare detail about the types 

‘of hydrogen is presented in Chapter 4, 

Note that these projections include both 
‘emissions fram anergy/fuel and fram daily 
fuel delivery ta each depot. Fuel delivery can 
bea substantial source af emissions, ivan 
that the nearast hydrogen supplier to SEPTA 
is ever 400 miles away. 


The detailed comparison of projectad 
‘emissions under diesel hybrid, BEB, ang 
FCES scenarios ara shawn in Figure 10. 
‘These include emissions from tailpipe 
emissions, power generation, fual 
reduction, and fuel dalivery. The emissions 
Feductions will benefit lacal public health as 
wall as global climate sustainability 


Iti worth noting that actual future ZEB 
lifecyele emissions may be lower than those 
showin in Figure 10, depending on regianal 
energy trends. f mare renewable electricity 
i added ta the grid than anticipated, BEB 
‘operational emissions will dacrease. Irlocal 
hydtagen praduction increases, emnissions 
from hydrogen fuel delivery will decrease, 
Soa Appendix |, Emissions Analysis, for more 
details 


7 Fleet and Facility Plan 


Fleet Plans 
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Battery Electric Bus Fleet Plan 


SEPTASs mast recent bus procurement 
commits itta deliveries ef hybrid buses 
through the year 2025, assuming optional 
purchases ate executes, This means that 
the earliest that SEPTA could begin receiving 


15-year bus lifetime, under this seanarla the 
last fossil fuel buses would be replaced in 
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40, achieving a fully ZEB flat. This 

plan is showin in Figure 17 above. 
ine for achieving. full aleetrle fleat 
by 2060 aligns wall with commitments made 
by peer agancies such as New York City MTA, 
NJ Transit and CTA. Note that SEPTA would 
Taly algo continue purchasing a small 
‘umber of ZEBs before 2028, contingent on 
funding, 
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Fuel Cell Electric Bus Fleet Plan 


‘similar float planning exercise was 
‘completed far an 80% FCEB scenario. This 
scanarfa wauld lead to a fleet that has 80% 
FCEBs and 20% BEBs. The BEBs would be 
uusod at Alleghany and Callowhil, whore 

itis estimated that hydrogen fuel storage 

is infeasible with current constraints. 
Similar tothe 100% BEB scenario, all bus 
purchases would be ZEBs starting in 2026, 
Both scenarios include a small number of 
‘additional buses ta facilitate splitting up of 
long blocks as needed for BEB compatibility. 


To simplify our analysis, this raph shows 
‘existing trackless trallays being replaced 
with other vehicie typas when they reach 

the end oftheir useful life in 2026, However. 
this is not meant fo represent SEPTA’s actual 
plans for the tralley Reet. 


Facility Upgrade Plans 
Battery Electric Bus Upgrades 


‘Afacitity planning effort was completed to 
Understand the nature of facility upgrades 
needed to support a BEB fleet and to 
‘devalap an appropriate conversion timeline, 
Burns Engingaring reviewed SEPTA's 
‘existing bus facliies and developed layout 
‘modifications to accommodate charging 
‘equipment. This was infarmed in part by the 
bus stata-of-charge madeling (describes 

in Appendix A) that estimated haw much 
‘energy busas would need ta raceive through 
‘overnight charging at garages ta return toa 
‘90% state of charge for morning pull-outs, 


This work ultimately selactod a strategy 
in which each garage would hava two 

fast chargers placed near fueling lanes, 
Which busas could use during their regular 
servicing process. Currently, the regular 
process involves buses spending about 15 
minutes in the fueling lane far fueling and 
internal cleaning, Our analysis assumed 
that fast charging would occur ina similar 
fashion, though in practice itcould change 
‘as technology and aparations develop, 

For buses that only need a modest 

amount of charging, fast charging during 
servicing could be sufficiont to reach an 
‘acceptable SOC. For buses that need mare 
‘charging, the garage charging strategy also 
provides as many slow chargers as can be 
accommadatad within each facity, based 
‘on parking space availablity. We anticipate 
that fast charging appropriate buses 

‘may take an average af 17-28 minutes, 
which would require extra servicing labor 
‘compared to the currant 16-minute servicing 
time. Buses that can be appropriately 
‘charged using fast charging can be stored 
in areas without slow chargers (neluding 
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Table 16 Surman af chagereand tcl capacity apceatench ue age? 
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‘verfiaw ar ether non-traditional parking 
spaces where buses are currently parking) 
This garage charging strategy should be 
piloted at a single faclity to Understand its 
performance, including the effectiveness 
‘of thermal managament strategies in the 
winter. and ta refine the strategy before 

itis deployed systemwide. Note that fast 
‘chargers are assumed ta provide 450 kW 
witha single dispenser, and siow chargers 
ara assured to provide 180 KW shared 
“among thrae dispensers. These choices also 
informed the recarimended new electrical 
‘capacity at each bus garage, which is shown, 
in the table above. 


Facility upgrade plans also include other 
‘electrical equipment, utility requirements, 
and backup pawer generation for resiliency. 
This will ba important for SEPTA to maintain 
reliable bus service jn the event of a power 
‘outage. Thara may also ba need ta add clean 
‘agant systems for fire suppression in ease of 
‘an electrical fre. Fire suppression systoms 
in bus storage areas should be evaluated 

ta ensure that they will properly extinguish 
fires in ease of an incident, 


‘The review of SEPTASs bus facilities also 
revgaled three factors that could impact 
storage capacity under an all-BEB floc. 
First, there are a significant number af 
buses currantly stored in non-standard or 
‘verfiow areas, such as parked on-street 
‘rif maintenance areas, BEBs stored 

in this manner would not be able to use 
asiow charger avernight. in addition, 

the installation af charger equipments 
‘expected to reduce storage capacity dueta 
space for footings and tolerances required 
ta accommadate differant positioning at 
‘charging pantogranhs among different 
‘equipment manufacturers. Finally, schedule 
compatiblity analysis indicated that many 
Yyohicle schedules will require modifications 
Ta become compatible with BEBS. In most 
‘cases these changes can oceur during aff- 
peak times that will nat impact the overall 
fleet, but we estimate thata fleet increase 
‘of atleast 25 buses will be neaded in total ta 
‘ensure schedule compatibility!” 
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In total, this analysis shows that SEPTAs bus 
storage space deficit could grow to about 
25 buses during the transition period. This 
suggests that SEPTA wil likaly require naw 
bus garagels) and/or expansion of existing 
district() as part ofits fleet corversion 
process. More discussion and stud) will 

be naedad to develop SEPTAS preferred 
solution to this issue and understand 

its financial implications. Due to this 
Uncertainty, increased storage capacity is 
fet included in aur detailed facility plans at 
this point. 


wo ~ = 
Fuel Cel Electric Bus Upgrades 


Hydrogon fuels subjact to safety 
regulations that must be considered 
‘when planning for facility needs and 
‘operations. Organizations with relavant 
policies include the Occupational Safety 
and Health Administration (OSHA) and 

the National Fire Pratactian Association 
(NFPA) Like diesel fuel, hydrogen gas is 
classifiad as a hazardous material by the US 
Department af Transportation (DOT) due to 
its Nammablity: asa result, fel deliveries 
willbe subject to hazmat regulations." It 
is important to understand what local 
authority wil ultimately be responsible 

for permitting and inspecting fueling 
infrastructure; this fs generically referred 
taas the Authority Having Jurisdiction 
(AH) Thre AHJs that are responsible for 
permitting and inapecting the SEPTA Bus 
Depots evaluated fer this study, include 
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Plymouth Township Codes Department, 
Montgomery County: Upper Darby Township 
Licenses and inspections, Delaware County 
‘and the City of Philadelphia Licenses and 
Inspections (Lal). Mase municipalitias 
adopted the Pennsylvania Uniform 
Construetion Code (UCC) which includes the 
2018 versions of the International Building 
Code (18C), International Fire Code (FC), 
International Fuel Gas Cod (IFGC} and 
Intemational Mechanical Code (IMC). These 
‘aferemantianed cadas al align with the 
NFPA 2 Hydrogen technologies Code which 
is what AHus would be referencing when 
inspecting ar parmitting Hydrogen storage 
‘or dispansing facilites, 


ydragen Fuel Tanks 


‘As mentioned earlir, liquid hydrogen fuel 
is stared in tanks as large as 40’ long. 
Hydrogen fuel tanks must be located autside 
for safety reasons. Fuel tanks can be placed 
‘above ground ar below ground, but there 

‘ara no examplas below-ground storage at 
US transit agencies. so SEPTA is ruling out 
below-ground storage. Above-ground fuel 
tank siting must mest the following setback 
Fequiremants in accordance with NFPA 2: 


> 50'~ 100'from existing facilities, 
depending an quantity stared 

> Atleast 75'from concentrations of 
people 

> 50'= 100'from ary other flammable 
liquids. including diesel and gasoline 
storage tanks 

> 281-75" from lot Linas, depending on 
tank size 

> These same clearance requirements 
also apply for liquid hydrogen delivery 
trucks 


Note that the use of a noncombustible 
two haur rated fire barrier wall adjacent 

ta storage tanks, will allow for reduced 
distances ta the setback requirements 
mentioned above. Commercial fre barre 
wallsare typically constructed of concrete 
masonry units (CMU) “cinderblack’, brick 

‘or poured concrete as defined by the IBC. 
Deperiding an the location ef a twa haur fire 
barrier wall, setbacks to adjacent buildings, 
property lines and other hazardous 
‘substances could be raduced ta five feet 

fr lass. SEPTA bus depots are most likely 
‘considarad noncombustible buildings, 
‘since they are built with standard bricie 
‘and/or CMUs which should reduce buffer 
Fequiraments allawing for mare flexibility 

in placing hydrogen storage and dispensing 
systems for already constrained bus depat 
facilites 


Hydrogen Fuel Dispensing 


Hydrogen fuel ispensars can be located 
indoors or outdoors, though outdoor fueling 
is significantly less complicated with fewer 
regulations, Indoor fueling would need 

ta Satisfy the regulatory requirements of 
National Fire Pratactian Association 70 
National Eleetrieal Code Class 1, Division 2, 
Groupe. 


Bus Parking 


The rogulations for FCEB parking wil depend 
‘on decisions of the local AHJ. As with ual 
dispensing, storing FCEBs outdoors is 
-gonerally oss complicated, Arequiremant to 
store indoor FCERs in “a saparata building” 
‘may be applied, but the interpretation of 
this requirement can vary. For example 
providinga firewall between parking! 
maintenance ard separate entrances into 
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those sections may be sufficiont ta mot the 
requirement. All but two af SEPTA's depots 
have atleast soma indaor bus parking that 
‘could be subject ta these requirements, 


‘Bus Maintenance 


Bus maintenance almost always occurs 
indoors, and the spacial requiremants for 
indoor facilities will be adaressed in the 

next subsection. However, there are also 
special maintenance practices that should 
be incorporated into any plans for adopting 
FCEBs, Before routine repairs on a FCEB 
‘occurs, the bus should be dafualed; the 

fuel can be recaptured intoa storage tank 
far reuse ar vented to the atmasphere, For 
‘major service on FCEBs (defined as ary work 
that requires use of hydrogen), a dedicated 
hydrogen service bay must be used. This bay 
must be separated by a two-hour firewall, 
have na ignitian sources, and be outfitted 
withthe required ventilation, hydrogen 

and flame detection sensars, and fire 
‘supprassion systems, 


Indoor Facies 


‘Any indoor facilities used far starage, 
Fualing, ar maintaining FCEBS will naed 
Upgrades ta meet safety requirements: 


> Ventilation nust be atleast 1 cuble 
Toot per minute per square foot. 
Facility HVAC system upgrades may be 
necessary. 

> Flame Detection Systems are noados 
to ensure fires are quickly identified, 
This will utilize infrared cameras to 
identify hydrogen flames, which may 
‘be invisible ana do not radiate much 
heat. 

> Hydrogen Gas Detection Systems: 
invalve sensors placed at the highest, 
indoor lovations because hyarogen gas 

> An Emergency Shutdown System wil 
automatically disconnect hydrogen gas 
if a threat is detactad. The shutdown 
system will be tied to ventilation, 
systems, flame detaction sensors. and 
‘nydragen detection sansars, 


> AFire Suppression System must bo 
connected to the Emergency Shutdown 
‘System so that the hydrogen supply 1s 
cutoff befare the suppression systam 
‘engages, avoiding an explosion hazard, 


> Facility & Work Restrictions must be 
applied to ensure safety, Na electrical 
davicas should be permitted within 18" 
of the facility ceilings. Thie includes 
light fotures and junction boxes, 
‘though conduits are permitted only 
if they are rigid and sealed. Similarly, 
no “hot” work. like welding, may occur 
‘near any potential hydrogen sources. 


rliminary Facility Screening 


Based on the requirements described 
above, SEPTAs existing bus districts ware 
seraenad to understand whether upgrades 
ta support FCEBs might be feasible. This 
‘evaluation focused on identifying eutdoor 
‘space fo store hydrogen fual, in compliance 
with required buffers, Italso considered 
the potential routing of fuel dalivery trucks. 
Table 17 baiaw shows the results ofthis 
preliminary screening, 


‘Allegheny and Callowhill were determined 
tabe incompatiie to stare hydragen Fuel. 
‘These facilities occupy entire blocks in an 
turban environment, with ne outdaor space 
available to conceivably site a fuel tank. 
While these sites are rated as "no" in the 
table, in principle there are ways for ther 

ta accommodate FCERs without storing the 
fuel on-site. iF suitable space for hydrogen 
fueling could be secured inthe vicinity oF 
these districts, a remate fueling oparation 
might be considered, This could create new 
‘operating costs and inefficiencies. Similarly, 
anew bus district facility could change this, 
result 
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Timeline and Sequence of Upgrades 


An impertant element afafasility upgrade 
plan isthe timaline ang sequencing af the 
facility upgrades, A sequence was developed 
las shown in Figure 12) that considers 
‘equity factors, Schedule compatibility, 
storage impacts, and the extant af requlred 
structural eivil modifications. The first 

five garages all serve areas with high 
proportions af low-ineome and minarity 
populations, wha are dispropartianately 
impacted by airqualty issues today. The 
table alsa includes infarmation about 

where, under @ BEB scenario, the proposed 
‘on-raute charging locations might be 

shared between different garages; th 
first to garages of Midvale and Allegheny 
have significant averian where buses could 
share this infrastructure. Te infarm FCEB 
seanaras, the table shows which districts 
are estimated ta have suitable space for 
hydrogen fuel storage. 


Tables 18 and 19 also show that the final, 
two districts to convert would be the 
suburban districts af Vietory and Frontier, 
This is in part a result of thair longer routes 
that lead ta low schedule compatiblity 
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(lass than 208% of vehicle blacks an all 
schedule days.) Equity considerations also 
‘rive their placement in the sequence, 
However later years of the transition plan 
should be revisited as zaro-emi 
tachnolagias continue to evelve, 


ions bus 


The upgrades ata given wistrict would 
et necessarily occur ina single yaar. We 
anticipate that these upgrades could be 
‘completed in mora inevemantal piaces that 
roughly align with the growth of the ZEB 
float. Figure 12 abave shows a potential 
‘conversion timeline in which upgrades at 
several garages are completed avar the 
‘course of sixar sevan years, The blue calor 
indicates the planning and design before 
each garage upgrade, while the graan colar 
indicates the pariod over which upgrades: 
are implemented. Ths timeline also 
considers the anticipated purchases af 40 
Vs. 60' buses at each district ta ensure that 
district upgrades are completed in time to 
accommadate anticipated bus purchases at 
each type 
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During the planning and design far upgrades 
at each district, SEPTA should algo consider 
the phasing of on-route charging locations 
ta align with it district upgrades and the 
percentage af BEBsin the flaet. The 42 
‘on-route charging locations identified in 
the schedule compatiblity analysis have 
vary different levels of expected usage; 

the highest-usage lacatians should be 
prioritized, and the lawast-usage locations 
‘could be re-evaluated at technology 
improves over time. The priority of these 
locations alsa varias overtime: an an-route 
‘charger becomes more usaful as more 

‘of the buses fram the districts that use 
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itare electric. The phasing of on-route 
‘chargers wil likely be an ineramental 
procass as SEPTA identifies what routes 
‘shauld be electrified during each phase af 
implementation, 
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Fleet Transition Cost Comparison and 
Funding Options 


Cost Modeling of ZEB Scenarios 


Note: Amare datailed version ofthis analysis, 
is included as Appendix E. 


This analysis seeks to understand the 
‘costs that SEPTA should expect aver the 
‘course afa transition toa ZEE fleat. We 
have projected various operating costs and 
‘capital costs associated with the SEPTA bus 
floet over the period 2022-2040. These costs 
are calculated in year of expenditure (YOE) 
dollars, including inflation ata 2% annual 
rate. Tha specific cost categories includedin 
‘ouranalysisare listed below, 


Operating Costs 
> Diesel Fuel 

Hydrogen Fuel 

Electricity 
Maintenance of buses and chargers 
Labor from Schedule Changes 


Copital Coste 


4 


Vehicle Purchases 
> Chargers 

> Facility Upgrades 
Anticipated Subsidy 


‘The casts identified above were used ta 
‘compare three seanarios for the SEPTA bus 
fleet: a baseline scanaria that continues 
usage af hybrid buses, a BEB scenario that 
transitions to 100% BEBs, and a fuel call 
seanatia in which the fleet would be 80% 
FCERs and 20% BEES. The baseline scenario 
‘maintains the current fleet size ang does 
Not include any facility improvements. The 
102% BEB scenario inereases the bus fleet 
‘za by 25, n order ta split apart long vahicle 
assignments, and includes investments in 
‘on-route chargers and garage uperades. 

The 80% fuel cell seenaria requirasa 
smaller increase in the bus flaet(S buses) 
and electrical infrastructure aligned with 

its smaller BEB cubflast. The scenarios 
follow factity upgrade plans and fleet 
purchasing plan that are described in the 
Implementation Plan section. 


‘The overall results af eur east madeling for 
the flaet transition pariad of 2022-2040 are 
shown in Table 20 below. This shows that 
modeled oparating costs would be lower for 
the ZEB fleet scenarias compared with the 
hybrid fleat baseline over the 2022-2040 
‘vansitian period: 6% lower for the BEB 
canara or 4% lowar for the 80% FCEB 
scanari. However, modelad capital costs 
far the ZEB scenarias would be higher 
‘compared with the hybrid fleet baseline: 
12% higher for the BEB seenatia or 356 to 
1896 for the 80% FCEB scenario. In total, we 
anticipate that the BEB fleet scenario adds 
‘cost af $48 over the transition poricd, 
while the FOE fleet scanarla cauld range 
froma net savings ef $58m toa net cast of 
$262m, 


‘There are saveral reasons that the ZEB 
-seanarias could be mare castly than shawn, 
Our estimates do not consider the costora 
new garage, which will Ukaly be needed to 

‘address existing capacity iasues that would 


be exacerbated with the addition af new 
fueling equipmentar charging equipment 
at distriets and which could significantly 
increase the capital investmant. The ZEB 
seanarias alse do not address ary existing 
state of good repair needs or structural 
Upgrades that may nged to be addressed in 
conjunction with upgrades to accommodate 
ZEBs at each district. For BEBs, thore wil 
‘also be costs associated with bringing 
‘additional PECO service ta districts and 
‘on-route charging locations and further 
coordination with PECO will be needed to 
idantify these costs. Theres also a risk that 
the antic/pated subsidies do not continue at 
the level assumed. 


However, thara are alsa reasons that the 
ZEB scenarios may be more attractive 
than shown. The transition periad includes 
the continued operation of hybrid buses 
Lntit 2040, so full operational savings 
fram transitioning will not be experienced 
Lunt the end of the periad In addition, 
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‘Cumulative Net Cost of ZEB Scenarios Compared with 
Hybrid Scenario 


+ FOEB Scenario verge) 
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the transition period includes capital 
investments to support the new fleet that 
‘would nat be part af the engaing financial 
picture 


‘The cast model can also be used to 
Understand east tends over time, Figure 

13 shows the cumulative net cast of 
selecting either ZEB seanaria (1005 BER 

‘or 80% FCEB) compared with the hybrid 
fleet scenario. The linas represent the 

total adcitianal cast that SEPTA would be 
projected to pay, above this hybrid flaat 
basaline, This shaws that the net cost 

grams from 2026 when SEPTA starts buying 
‘only ZEBs) until the mi 2030s, when most 
‘capital invastments are complete, Atthe 
‘end of the 2020s, the cumulative net casts 
bogin to decline as SEPTA reaps the benefits 
‘of reduced operating costs. The cost madal 
shows that the cumulative costs of the two 
seanarias wauld break even in 2042 or 2043, 
shortlyafter the transition is completa, 
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In order to potentially help affset the 
additional projected casts associated with a 
transition to 2aro-emission buses, potential 
federal and state funding sources have 
been identified, Mast af the funding sources 
are appiication-based grant programs and 
sa the amount of funding that could be 
‘obtained from these programs is uncertain 
Inaddition, other partnerships, turnkey 
solutions and project delivery alternatives 
ara described and could alsa be considered 
ta help finance and facltate a full tansitian 


Public Funding ~ Federal Funding 


LOW OF NO EMISSION (LOW-NO) GRANT 
PROGRAM 


The Low or No Emission compatitive 
Federal Transit Authority (FTA) grant 

program supports funding to state and 
local governments for the purchase or 


parry 


lease of er0-amission and law-omission 
transit buses. Eligible projects include (1) 
purchasingor leasing law- or no-arission 
buses: (2) acquiring lon or no-eission 
buses witha leased power source: (3) 
constructing a leasing faclities and 

‘elated equipment (including intligent 
technology and software for on oF no 
‘emission buses: (4) constructing nw public 
tvansportation facilities te accommodate 
low-or ne-amission buses, and/or (5) 
fahabiitating or imeroving existing public 
transportation faites to accommodate 
tow-or no-amission buses. Inthe 2022 
fiscal year, FTAis providing $11 billon in 
funding though this grant program. This 
isa signfieantineraase from the $192 
milion provided in 2021 andl the $123 million 
provided in 2020 


GRANTS FOR BUSES AND BUS FACILITIES 
PROGRAM 


‘The Grants for Buses and Bus Facilities 
Program is administered by the FTA to 
replace, rehabilitate, and purchase buses 
and related equipment to canstruct bus 
facilities. Previous project selections include 
the City of Hazleton, PA which received 

‘$10 million for constructing a now bus 
‘maintenance and storage facility, SEPTA 
‘was also‘ past recipient ofthe program, 
receiving $2 milli to fund and construct 
‘ew bus stations ta extend its Roosevelt 
Boulevard Direct Bus Service fram Frankford 
Transportation Center to Wissahickon 
Transportation Center. 


TARGETED AIRSHED GRANTS PROGRAM 


‘The Targeted Airshed Grants program, 
‘administered by the US Environmental 
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Protection Agency (EPA), assists local, state, 
and tribal air pollution control agencies with 
‘devalaping plans and conducting projects 
ta reduce alr pollution i non-attainment 
areas that EPA determines are the top five 
most palluted areas for zane and PM. 
National Ambiant Air Quality Standards, The 
program has approximately $89 million for 
the 2021 Fiseal Year. In 2020 the Allegheny 
County Health Department in Pennsylvania, 
received appreximataly $5.6 milion in 
funding to replace public ansit buses with 
2o10-emission alternatives. The Califerria 
‘ir Resourcas Board in Nevada County alsa 
received approximataly $2.4 milian in 2020, 
ta replace public transit buses with zero 
‘emission buses, 


(CLEAN FUELS GRANT PROGRAM 


‘The Clean Fuels Grant Program is 
administered by the FTA to assist in 
‘maintaining National Ambient Air Quality 
‘Standards for ozone and carbon manaxide, 
‘as wall as support emerging cloan fuel 
tachnologios for transit buses, This includes 
the purchase or lease of clean fuel buses: 
‘construction or leasing af bus fueling ar 
‘charging facilities and equipment; projects 
folated to clean fuel, biodiesel, hybrid- 
‘electri. ar zer0-emissions technology; 

and buses that have ower emissions 

than aisting clean fuel ar hybrid elactrie 
technologies. Funds far a project are 
available aver a three-year period. 
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ENERGY EFFICIENCY AND CONSERVATION 
[BLOCK GRANT (EECA) 


The EECRG program is adrninistered by the 
US Department af Energy (DOE) ta support 
and manage projects that improve energy 
efficiancy and decrease energy use and 
fossil fuel emissions. This program racelvad 
‘one-time funding undar the American 
Recovary and Reinvastment Act (ARRA) 

‘of 2008, The EECRG program wil receive 
‘$550 million thraugh the lafrastrueture 
Investment and Jobs Act fora now round 

‘of grants ta state and local gavarnments 

far clean enargy invastment projects, aan 
programs, and anergy saving performance 
‘contracting programs (.e.,budget-nautal 
approaches ta make improvements that 
reduce energy use and pay fer them thraugh 
future energy savings usage)" In the 2008 
round of funding, the City of Bestan received 
approximately $6.6 milion toward reducing 
fossil fuel emissions, reducing total energy 
use, and impraving energy efficiency inthe 
building sectar’ 


“THE INFRASTRUCTURE INVESTMENT AND JOBS 
{ACT ~ CARBON REDUCTION PROGRAM 


The newly passed federal Infrastructure 
Invastiant and Jobs Act has evar $1 trillion 
in faderal infrastructure investment. The 
logislation establishes guaranteed funding 
levels through Fiseal Year 2022-2026 and 

isnot aone-time stimulus. ts fecus is 

ta provide a foundation fora long-term, 
‘surface transportation reauthorization bil, 


‘The lagiatation alzo includes investments 
in aviation, EV charging infrastructure, 
resiliency, and more 


Within the legislation ig. a Carbon 
Reductian Program that will distribute 
approximately $6.4 billion ovor 8 years to 
states for invastment in projects that will 
help raduce transportation emissions. 
Eligible projects include transportation 
lectrifieatian, EV charging, public 
transportation, infrastructure far bicycling 
and walking, infrastructure that would 
support congestion pricing, diesal engine 
relrafits, port electrification and intelligent 
transportation systems ITS} impravemants. 
Approximately 65% of this funding would be 
allocated by population to projects in local 
‘communities, 


Public Funding - State Funding 


CONGESTION MITIGATION AND AIR QUALITY 
(ema) 


‘The Congestion Mitigation and Air Quality 
(CMAQ) program provides funds to States for 
transportation projects that are designed 

ta reduce traffic cangestion and improve 

air quality. In Pennsylvania, the funds are 
distributed by the Delaware Valley Regional 
Planning Commission (OVPRC). CMAQ is not 
grant, and its sponsors are rimbursed for 
‘costs after recaiving funding authorization 
anda notice ta proceed. SEPTAhas been 

a recipientin the past, raceiving up 10 $3.8 
million for digsal engine replacement. 


1 oft Cre Efiseny& Renewable Cer Source A: tps wanenenv ge //teceneay ening pertomanee, 


ates 


1 ent reg eny A aren En Suc Ue ta ers ove err ans uence 


$$ ofubten Sauer UMC ne Joints rmutica rshecvevsn ets /A800//1 
Sour URL hee Sea eon rai oasle ein B il SuBD BIDE Sed Ube Se suas Pouepe eae 


frase eS 


ALTERNATIVE FUELS INCENTIVE GRANT (AFIG) 


The Alternative Fuels Incentive Grant 
program is ovarseen by the Pennsylvania 
Department af Enviranmental Pratectin. 
The program helps support new markets for 
alternative fuel ta enhance energy security, 
Approximately $5 milion in grants ara 
awarded each year, Atleast 20 projacts were 
awarded a total of more than $3.4 million 
statewide in 2020, Tha largest grant want 

ta Tri-County Transportation far $213,500 
toward the purchase of 33 propane schoot 
buses. Alleghany County also received 
approximately $20,000 to purchase four 
EVs. Far 2021, priority funding is gaing 

ta businesees located in Pennsylvania: 
2or0-emission vehicle projacts: renewable 
‘natural gas vehicla and infrastructure 
projects: projects lccated in and serving 
‘enviranmental justice areas; minority, 
veteran, ar woman-owned business 
applicants: publicly accessible alternative 
fuel refueling infrastructure projects; and 
float charging equipment projects. 


Private Partnerships 


eco 


ECO, the local utility serving SEPTA 
properties, has proposed a $246 milion 
increase in elactrie distribution rates 

ta support invastment in infrastructure 

that wil enhance the local electric grid 

and increase advancement in clean 
technologies. At least $1.5 milion will be 
investad towards incantives to expand public 
‘electric vahiele charging infrastructure ta 
suppert commercial industrial, and public 


transit custamars with a focus en reducing 
‘emissions in disadvantaged eammunitias. If 
approved, the actions fer this proposal wil 
take effect on January 1, 2022 


‘TURN-KEY OPTIONS 


‘Aturn-key option can offer an 
implarmentation package that includes 
Vehicles, infrastructure, fuel ~ either 
hydrogen ar electrie- anda rapair and 
maintenance package fora single fixed 
monthly cast. Some original equipment 
manufacturers (OEMs) are currentiy affering 
twen-key options to support battery-electric 
technology. This means the company will. 
‘offer support in every stage for clients wha 
‘want ta make the switeh to zera-emissian 
buses. including planning, design, financing 
‘operations, maintenance, and energy 
‘optimization. This ean make the process 
‘of switching to ZEBs beth customizable 

and comprehensive and create a one stop 
‘shop experience for clients intarastod in EV 
flaets.*” Companias may alsa offer battory 
leasing, performance standards throughout 
thelifa af the vehicte, and a battery 
performance warranty as an alternative 

ta including the east of bus batteries with 
Vehicle purchases. Battary leasing has the 
advantage of shifting the risk af expansive 
battory replacements to the OEM. 


ZEBLEASING 


Some bus manufacturers offer leasing of 
ZEBs. This leasing service provides the 
‘optian of a manthly operating expense 
instead af the higher up-front cost for ZEB, 
InLos Angeles County, the Antalope Valley 
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Transit Authority found a cost savings of 
more than $48 milion (lifetime cost) by 
loctrifyingits buses through a leasing 
program by saving monay an diesel fuel 
which would have east them $48,000 per 
bus ina year. 


CCHARGINGAS A SERVICE 


‘Thera are also companies that offer a 
‘charging-as-a-serviee solution, which 
provides the full acesystem for electric 
‘yahicla propulsion through a single vender 
The service includes charging equipment 
procurement, instalation, aparations, 
‘maintenance, automated charging 
‘operations, clean energy sourcing, fuel 
credit management, and more. Such 

a service could be evaluated for cost- 
effectiveness and flexibility cornpared to 
‘thar procurement and delivery options. 


Infrastructure Delivery Approaches 
DDESIGN-21D-BUILD 


This isa widely used project delivery method 
that separates the design and construction 
phases af a project. The design phase is led 
by the local agency/owner, which includes 
<devalaping project plans and specifications 
and typically accounts for about 6-108 of 
the project's total cost, The construction 
phase typically accounts far 90-96% of the 
total projact cost and is awarded through 
bid after the dasign phase fs camplatad 
by the awner. This (s usually awarded to 
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the lowest reasonable bidder. This delivery 
approach gives the projact owner the most 
‘contrat over how tha projact is designed 
butean entail higher project costs and 
longer project schedula compared 

‘ther delivery approaches. Since the 
biading process eannat start until designs 
are 100% complete, this schedule far 
‘delivering a project with this approach can 
take longer. Also, sinca there are multiple 
‘contracts due ta thera being separate 
design and construction teams, there are 
‘multiple points ef eantacts fer the owner 
‘of the project whieh can add additional 
‘coordination time ta the project schedule, 


DESIGN-AUILD 


{An alternative ta the design-bid-bulld 
approach, the owner contracts to one entity 
tallead bath dasign and construction. The 
projactawnar dees nat complatea detailed 
‘design project plan with specifieatians, but 
instead provides a basic concept for the 
project. The owner then evaluates which 
bia affers the best value, qualifications, 
and price. Disadvantages tothe design-build 
approach include the potential far reduced 
project quality with an incentive to design 
far lower construction cast. This approach 
also entails lass flexibility forthe owner to 
separately selact partners for the design 
and construction phases of the project.* 
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‘DESIGN-BUILD-OPERATE-MAINTAIN 


This is a prajectdolivary method that is not 
‘comnmmen within the US. Itisalso referred 
taas turnkey’ procurement, where the 
main contractor designs and constructs 
the project. The contractor is alsa 
responsible for operating and maintaining 
the project and the eontractar may benefit 
from operational income, Disadvantages 
inelude the owner having less cantral, 
therefore unless needs are fully specified or 
identified ta the contractor, overall project 
specifications may not be met, Financing 

is secured by the public sector project 
sponsor. 


_DESIGN-BUILD-FINANCE-OPERATE- MAINTAIN 


‘These types of partnerships include private 
‘operations and maintenance as part of 
project dalivery. Long-term operations 

by the same party can provide incentives 
for better lifecycle cost management but 
allow for lass operational cantrl by the 
project awner.* Two patential advantages 
‘of the DBFOM method are: (1) tallocates 
risk for project delivery taa private sector 
‘contractor, and (2)it allocates responsibility 
taa contractor with expertise in areas the 
‘owner/agency does net have, 


Workforce Impacts 


transition toZEBs should include a review 
‘of racruitment and hiring practices to ansure 
that personnel with the proper skillets and 
taining are in place 


Vehicle Maintenance: Tho vehicle mechanic 
training and recruitment programs will need 
ta be masified to accommodate a transition 
ta ZEBs. Existing employees must be 
trainad on new skills and recruitment of new 
‘employees must fecus an differant akils 
‘sets than these af traditional mechanics. 
Apprenticeship programs may be a valuable 
source of talont for SEPTA but must be 
‘established at last twa years prior to busos 
artiving on praperty. QEMs have approached 
‘organizations such as the National institute 
‘of Automative Service Excellence to design 
certifications related to ZEBs, however, 
asof 2021, there arena ZEB-spocific 
certifications inthe transit industry. 


In ganaral, mechanics tained in 
‘conventional oparating systems can perform 
‘most ofthe rautine maintenance tasks far 
EBs. Aftor the bus is de-snargized, many 
service and maintenance tasks ara similar 

ta thase of diesel buses, The maintenance 
tasks that require additional training and 
skills include de-energization, use of high 
voltage PPE and tools, and servicing battery 
packs, generators ivertars, and motors. 
Good computers skils ar essential as many 
OEMs provide troubleshaating software to 
diagnose insues. 


Training programs that meet the needs 
of staff are important to maintaiing 
maintenance casts. Other agencies have 
reported an inerease in maintanance costs 
as the warranty pariod ends and agancy 
staff take aver the maintananes of the 
‘ZEBs from OEMs and vendars. Costs tand 
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ta increase as maintenance staff learn to 
tvoubloshoot and repair ZEBs and then 
decrease as staff become more familiar with 
the vehicles.” 


Charging or Fueling infrastructure 
Maintenance: SEPTA will nead to develop 
‘maintenance capability among staftta 
troublashoot, repair and replace charging 
infrastructure at both district and an-route 
locations. SEPTA may need to recruit 

‘and train additional staff te maintain the 
network of en-route chargers. Sufficiently 
tvainad staff will bo needad to conduct 
‘scheduled maintenance activities, maintain 
‘an inventory of spare parts, and be available 
ta quickly respond to charger failures, 


‘The type of charging technology selacted 
willaffeet the maintananca tasks and 
‘skillets required and wil alsa help to 

inform the devatopmant of maintenance 
taining programs and staffing needs. As 

‘of 2021, there is limited history en charging 
infrastructure maintenance for any type of 
‘charging equipmiant due ta the emerging 
‘ature ofthe technology. In general, staff 
‘shauld be trained and have the sillsat 

ta conduct scheduled maintenance 
‘ctivitias such as visual Inspections, 
cleaning ters and equipment surfaces, 
tightening connectors, and instaling 
‘software updates. Chargers that are used 
most often may require replacemantof 
‘connectors and cables and more frequent 
scheduled maintenance. Upan gelaction af 
the preferred charging technology, SEPTA 
‘shauld request maintenance manuals from 
(OEMs that cutine preventative maintenance 
activities and the time and skills to complete 
them. 


There are a variety of available resources 
for Maintenance Training Programs. The 
following provides an overview af some of 
the available training programs: 


> Wast Coast Center of Excellence in 
Zero Emission Technology: West Coast 
Center of Excellence in Zoro Emission 
Technology | Sunline Transit Agency 

> California Transit Training Consortium 
(GTTC):Home - SCRTTC.com 

> Contar for Transportation and the 
Environment (CTE):Zero Emission Bus 
101 Course — Centar for Transportation 
and the Environment (te.tv) 

> Transportation Learning Center (TLC): 
Bus Coursewara| Battery Electric Bus 
Familiarization (transittraining.nat) 

> Union intarnationata des Transports 
Publics (UITP):|| Electrie Buses for 
North America | UITP | 
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8 Implementation Plan 


Long Term Facility Improvement 
Program 


Compatibiity of SEPTA's existing bus 
districts and services with differant ZEB 
tachnologias must be a key consideration 
in confirming the preferred implemantatian 
plan. The preceding chapters have shawn 
that some distriets face challenges 

related to BEB schadula compatiblity and 
‘equipment space constraints, while ether 
istricts face challenges relatad to staring 
hydrogen fuel. 


According to the district phasing plan, 
the first four districts for transition based 
‘on equity considerations wil be Midvale, 
Alleghery, Callowhil, and Frankford, Midvale 
has been rated as feasible far hydrogen 

fuel storage, Allegheny and Callowhill were 
rated as not feasible, and Frankford was 
rated as maybe feasible, Asa next stop, 
SEPTA will simultaneously advance those 
four districts ta more detailed dasign, which 
will nlp further determine the feasibility 

‘of ZEBs at these districts and may also 

‘consider remate fueling operations. The 
determination of feasibility for FCEBs at 
these districts will further inform SEPTAS 
longer-tarm technology strategy and relative 
‘emphasis an BERS ve FCEBS in its fleet 
tvansitian, 


Nate that we also raeommend coordinating 
the dasign of some facilities that are located 
near each other, as hydrogen fueling for a 
pair of districts could potentially tak place 
ata single district 


‘Midvale and Allegheny — While 
Midvale is estimated ta be campatibie 
to store hydrogen fuel, the nearby 
district Allaghery is nat considered 
compatible, When these districts 
precead inta datailed design, SEPTA 
‘shauld evaluate whethar it would 

be feasible to pursue a remote 

fueling stratagy, in which buses from 
Alleghany travel ta Midvala or anather 
‘site for fueling. If not, BEBE should be 
used for Allagheny. 

Caltowhill - Callow is not 
considered compatible ta store 
‘hydrogen fuel, but the nearby 

district of Victory is estimated to be 
compatible. As Callowhill proceeds ta 
detailed design. Vietary should alsa 
be studied to determina whether it 
\wauld be feasible ta pursuea remote 
fueling strategy, in which buses fram 
Callowhill raval te Vietory ar anather 
‘te for fualing. Nate that Victory haga 
Lower priority in the transition timaline, 
which could impact the transition of 
Callowhill to FCEBs, 


Frankford — Both Frankford and the 
nearby district of Comly ware rated as 
“maybe” compatible ta stare hydrogen 
fuel, As Frankford proceeds to detailed 
design, Comly should also be studied 
ta determine whether ane ar bath 
districtsare able to store hydrogen 
{uol, If not, BEBs should be used for 
this pair of districts 
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‘Additionally, planning for a new bus garage 
facility will be eritical regardless of what 
ZEB technologies are implemented. This can 
serve to offsot the space impacts of SEB 
‘chargers and electrical infrastructure, FCEB 
fuel tanks and associated infrastructure, 
and existing space deficits, As technology 
preferences are confirmed, SEPTA should 
investigate potential sites for the factity and 
determine its appropriate placement inthe 
timeline of capital investments, 


Recommended Long Term Fleet 
Management Plan 


While it might be simplast for SEPTA to 
select. single vehicle technology fleetwide 
(either BEBs or FCEBs), bath technologies 
involve certain practical challanges that 
might lead toa mised fleet strategy. This 
Playbook has provided analysis that 
Tustratas these key tradeoffs, and as 
'SEPTA advances ta more datailed facility 
‘design, the preferred flaat makeup should 
became clearer. Taking a Playbook approach 
allaws SEPTA to be flexible, advancing 

‘some elements ofits atrategyin the near 
term while other elements may depend 

‘on additional information, accalerated 
innovation and uncertain future conditions, 


‘SEPTA' long-term fleet management plan 
‘shauld achive a fully ZEB fleet by 2040, 
following the graphs of potential future 

float makeup shawn in Chaptar 7. To achieve 
this, all now bus purchase should be ZEBs 
‘effective in 2028, The spacific types of 
£ZEBs will be confirmed thraugh additicnal 
facility analysisand internal deliberation. 
Fleat plans should also account for the 
modified operating requirements associatod 
with Bus Revelutian and additional buses 
needed to split iong blocks for BEB schedule 
compatiblity, as needed, 


Next Steps for Planning and 
Implementation 


‘According to the implementation timaline, 
Midvale will need ta bogin receiving ZEB 

in 2028, and Alloghery, Callowhill and 
Frankford will naed to begin receiving 

ZEBs in 2028-2029, Datailad dasign. 
‘enviranmental raview and construction may 
take upto five years, and so mare detailed 
planning and design far these districts 
‘shauld begin in 2022-2028. In addition, a 
more detailed plan for phasing and design of 
‘on-raute charging locations used by routes 
‘operating out af these districts may also 
‘eed ta be undertaken in tandem. 


To inform the design and operations plans 
for these initial districts, SEPTA may want 
taconducta pilot of fast-charging BEBe 
‘and stering them eutdeors, uneennactad 
ta chargers, overnight in tha winter. Paer 
agencies such as TansLink in Vancouver. 
king County Metro in Seattle and the 
Chicago Transit Authority alsa plan to 
pilot this approach in the coming yaars. 
Thermal management to keep batteries 
warm avarnight withaut heating the eabin 
is expocted to use up to 7% af the battery's 
‘charge, leaving much of the battery's 
‘charge available to complete service the 
following day. However, this approach has 
‘het baen thoroughly tested, The addition 
‘of hybrid an-beard heatars may augment 
the ability of thase buses to complete 
service schedules. A pilot ofthis charging 
‘approach can infarm the viability af planning 
ta continue ta store buses in averflow and 
non-traditional parking spaces at districts 
after they have been fast-charged. this 
approach is determined ta not be viable, 
buses that are currently parked in overflow 
and non-traditional parking spaces would 
need to be relocated toa climate-contrallad 
indoor facility ora facility where they can be 
ear 
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> Develop a strategy to incorporate 
now bus garage or expansion 
of existing storage, Adressing 
‘xpected capacity issues may impact 
the timalina of garage conversions 
‘especialy if thare isa desire to use the 
additional capacity ta help stage buses 
during other conversions, 


‘connected ta a sow charger overnight. This 
wauld add greater urgency to the need for 
a new garage to accommodate existing and 
‘expcted capacity issues. 


SEPTA also may want ta pilat the use of 60 
ZEBs ahead of anticipated procurements 
that would bogin delivery in 2028, 


Performance data from such a pilot could > Evaluate how the Bus Revolution 
be used to do mare detailed schedule initiative impacts schedule 
compatiilty analysis on 80" buses with compatibility and charging 

focal conditions Strategles. This raaxamnation of the 


SEPTA route netwarkhas baen well- 


In adaltion, SEPTA may want ta continue coordinated with the ZEB strategy, and 


evaluating different types of bus heaters the new network may increase overall 
SEPTA' current electric BEB heaters compatibility with electrification 
significantly increase battery consumption by using shorter routes and/or 
during winter conditions, which results in consolidating terminal lecations. 
lower schedule compatibility levels. Other To that end, SEPTA may consider 
heaters could be considered, including using transit scheduling software 
diesel-electric hybrid heaters; these could modules that are designed to ensure 


Sc GMIIM ass haan to reee compatibility ef new schedules with 


electric buses. The Bus Revalutian 
schedule compatibility with minimal 
‘emissions. They could also be used as an recommendations could be used as an 


interim strategy ta increase camnpatibilt ‘opportunity ta refine the network af 

andiforgathe teed forsome orto n-route charging locations that are 

charging locations while battery technology most justified, 

improves inthe coming years, > Continue evaluating FCEB 
technologies. While FOESs are loss 

Planning for Additional Analysis and prevalent than BEBs, they have 

Technology Evaluation greater range that could be valuable 


for SEPTAS bus sarvice. One likely 
challange cauls be the supply of clean 
The implementation plans above provide ‘hydrogen. 

the basis for next steps towards a zero 

‘emissions bus flea. Atthe same time, 

this playbook is not meant to give rigid 

directives: in the caming years SEPTA 

should be flexible in response ta changing 

‘conditions related to zero-emissions buses, 

The following next steps are recommended 

asareas where SEPTA can canduet furthar 

strategie analysis and correct course as 

needed: 
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Resiliency Strategies 


While the emissions reduction benefits of 
-ar0-emission buses ara important, SEPTA 
must alga be cognizant ofits eora mission 
ta provide reliable transit service. In order 

ta retain transit riders and attract new 
riders. transit service needs to maintain 
reliability. For day-to-day reliability, 
‘conervative assumptions were used for 
modeling the ability af BEBs to complate 
scheduled service. But bus servica may 
also be a critical component ef emergency 
‘and evacuation planning. Therefore, tothe 
‘extent that SEPTA utilizes BEB, thay should 
‘devolop plans to be able to continue to 
‘operate bus service during potential power 
‘outages that would affect SEPTAs ability to 
‘charge BEBs. 


‘The following resiliency strategies can be 
considered for incorporatian into mora 
‘detailed designs far each district, 


> Solar photovoltale + on-site energy 
storage 


+ May only be able to provide §-103 
charging needs at aach distriet 

+ May be able to offset some peak- 
period demand charges or provide 
‘some resiliancy in the event of 
power outage 

+ Feasibility may be limited by space 
constraints at faciitios, 


> Vahicle-to-vehicle or vahicle-to-grid 
charging 


+ Notyet feasible due to grid 
connected generation and plug 
standards 

+ Equipment may be solacted to 
allaw for this as-a future capability 


 Islanded back-up standby diesel 
generator 


+ Feasibility may be limited by space 
constraints at faciitios. 


> Paralloled natural gas generators 
‘owned and operated by a third party 


+ Reduce PECO capital costs 
and provide additional revenue 
opportunities 

+ Bi-directional power flow option 
increases feasibility 

+ Feasibility may be limited by space 
constraints at facilities 


> Automatic demand management and 
charge management (already included 
in SEPT&s BER specification) 

+ Uses software toallow load 
reduction through multiple 
stakeholders 

+ Provides additional east reductions 

+ Does not directly provide resiliency 
Inthe event of a power outage 


> Mixed fleet incorporating some FCEBs 
+ Resilient to operate during power 
outages 


+ Reliable performance during 
‘extreme temperatures 
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Appendix A: BEB State of Charge 


Analysis 


Background and 2019-2020 Pilot 


This appendix sooks to assist SEPTA 
in analyzing its existing bus network to 
determine where serview is mast suitable 
far elactifieatian, taking into consideration 
performance data gathered from the 
Proterra BEB pilot on Routes 29 and 78 

As technologies continua ta improve in the 
‘coming years, this werk will alsa provide 
tals for SEPTA to evaluate multiple 
potential seanarias and make adjustments 
for future technology performance. Our 
results will help inform a framework for 
SEPTA ta work toward its goal of full bus 
fleet alectrifcation, while also previding 
pragmatic information about planning for 
Uneertainty 


Fram June 2019 to February 2020, SEPTA 
piloted 25 Proterta BEBs on Route 29 Piet 70, 
ta 391d-Dickinson and Route 79 Columbus 
Commons to 23th-Snydar, to relatively 
short routes operating in South Philadelphia. 
This deployment provided invaluable 
insights into the performance af BEBSin 

te SEPTA operating environment. Data 
from this period shows an average enargy 
‘consumption rate of 2.9 kW/m. However, 
‘on days below 40°F battery consumption 
could rise as high as 4.15 kW/m These 
‘observed energy consumption rates ara 
‘much greater than Proterra's advertised 
energy consumption rate af 1.75 KWIVmi) 
The increased wintar energy consumption is 
‘riven in large part by the usage of electric 
interior heating. The busas were remaved 
fram serviea in 2020 dua to warranty and 
raliability issues, 


Schedule Analysis 


Adbtalled simulation of BEB operations was 
Undertaken to understand what portion af 
SEPTA bus service would ba compatible 

ta operate with BEBs under differant 
seanarias. The modal is dasignad to pradiet 
the state af charge (S00) af SEBS as thay 
travel through a day's worth of assigned 
trips. This daily assignment, called a vehicto 
block, is the main unit of analysis in our 
‘modeling, To simulate the SOC of BEES, the 
project team developed sevaral assumptions 
and scenatias that addrass BEB tachnalogy 
performance, charging mechanies, and 
‘on-raulte charging natwarks, 


‘Assumptions 


In collaboration with SEPTA staff, the project 
team developed assumptions and scenarios 
that address the performance of BEB 
batteries, the mechanics af daily operation 
the mechanics af an-route charging, and 
potential on-rauta charger natwarks. Below 
are the baseline assumptions regarding BEB 
batters: 


> Thestated battery capacity 1s 440 
iis. This matches SEPTAs currant 
BEB fleet, though ather vehicles are 
available with higher battery capacity 

> A20% capacity reduction is applied 
to reflect that the highest and lowest 
charge levels are not readily accessible 
based on battery chemistry. 

> A20% capacity reduction is applied to 
roflect battery degradation by the time 
bus reaches mid-life, Manufacturar 
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\warrantios will typically only guarantos 
708s to 80% of nameplate capacity 
0 this assumption aligns with those 
policies. itis reasonable ta presume 
‘2 BEB will autperfarm the prajactions 
‘outlined in this document during the 
‘rst half of its service life. 

> With these reductions, we find an 
effective battery capacity of 282 KW. 


‘Anothar sot of assumptions was made 
regarding the dally aperations of BEBa: 


> Buses are assumed to begin each 
vahicla black with a 80% SOC. This 
implies that charging practices at 
districts will be effective at kaoping 
‘batteries highly charged, 

> Asabustravelsits assigned service, 
the battery energy is consumed at a 
‘base rato of 4.15 kWh/mi 


+ This value was selected tareflact 
SEPTAS 80th percentile worst 
conditions experienced an days 
‘below 40°F during the wintar 
fof 2020. This consumption rate 
includas the energy neaded 
{or electric heating ofthe bus 
Interiars ~ this adds about 1 kWh/ 
‘mi compared to peer agencias that 
utilize diasal auxiliary heaters. 

It is reasonable to presume that 
a BEB operating in moderate 
‘temperaturas will outperform the 
range projections used as apart 
of thie analysis. Additional study 
|g naeded to evaluate the case for 
sing a diffarant type of auxiliary 
heaters asa means to reduce 
‘energy consumption and increase 


cold weather range 

+ Tha battery consumption rate is 
also varied to raflect differant 
lovels of topographic variation. 
SEPTAhas categorized its 
‘operating districts as having high, 
‘medium, and tow topographic 
variation. The base battery 
consumption rate applies at 
districts when topographic 
varlation is low. Districts with 
rmadiuin topographic variation have 
their battery consumption rate 
Increased by 6.3% and districts 
‘with high tapogranhic variation 
have their battery consumption 
rate increased by 10.634." 


> The minimum acceptable reserve SOC 
is set at 20%. If our modeling shows 
vehicle falling below that level, its 
‘block is considered ineompatible fer 
electrification; the bus wauld need to 
bbe sent back ta the district to avoid a 
road call 


Additional assumptions were made 
regarding the on-raute charging of BEBs: 


> First, connecting with and 
disconnecting from an an-route 
‘charger are each assumed to take one 
minute, 

> The layover time available for charging 
is adjusted based on real-world 
reliability data from 11 waeks in Fall, 
2019. The average abserved layover 
\was about 79% of its scheduled time, 
‘but there was significant variation by 
route, direction, and time of day. 
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> On-routa charging analysis alsa 
considarad whether a quaue of buses 
‘would accumulate at on-raute charger 
locations at different timas af day. 
Our team calculated the number af 
‘buses schaduled to be present at each 
\ayavar location at each minute oF the 
day. and this was then compared with 
the number of available chargers to 
determine availability 

> At locations where on-raute chargars 
areincluded, they are assumed ta be 
fast chargers rated far 450 kW power. 

> BEBs may only beable to accept a 
portion of the charger's maximum 
‘power, depending on battery SOC. 
When the S0¢ is relatively high ar 
{ow.the battory will accept a reduced 
portion of the charger’s rated pawer 
level, Tha graph below shaws the 


rolationship betwoen the power 
accepted from a charger and battery 
‘SOC, based on paar agency experiance, 


Combining these assumptions, we find that 
‘SEPTA's BEBs shoula have a worst-case 
‘operating range of 42 ta 47 miles in winter 
‘conditions (bafare faetaringinan-route 
charging). This s certainly loss than the 
manufacturer claim of 251 miles, but using 
‘conservative assumptions will help SEPTA 
plan for reliable operations. The addition 
‘fan-route chargers will xtand this range 
significantly. The addition of diesol auxiliary 
heaters on cold days would be estimated to 
‘oxtand the worst-case operating range to 56 
to 62 miles. 
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Conclusions 


‘The madaling and analysis conducted for 
this study analyzod the suitability of vehicle 
block electrification under the four different 
‘charging infrastructure scenarios. This 
analysis also evaluated the differences in 
serve schedules for weekdays, Saturdays, 
and Sundays. The results of each of the 
‘charging infrastrusture scenarios and each 
‘eay's schedule are shawn in Figure 19. One 
clear conclusion is that weekend service is 
more challanging to elactify than weekday 
service, due te differences in the distances 
buses must operate, 


Because SEPTA's garages serve different 
neighborhoods with different route 
characteristics, the findings are summarized 
ina two catagories, ‘Suburban Districts" 
and'City Districts. The suburban districts 
include the Frantiar and Vietary garages. 
These busos operate an average of 123 

miles por wookday block and represent 

1496 of SEPTA’s bus serviea, The city district 
‘category includes six bus garages: Com\y, 
Frankford, Midvale, Alleghany, Callowhil, 
and Southern, Buses in these districts 
‘operate 68 miles on average par waekday 


blosk and aeeount for 869% of SEPTAs bus 
service, Based an avarage route mileage, 
itis not surprising that larger propartion 
‘of the vahica blocks are suitable for 
electrification in the City Districts than 
Suburban Districts, 


The madel results were also reported for 
SEPTA's individual bus districts. The table 
below shawe these compatiblity results 
teach district and for each service day. 
Nate that the Frankford Trackless service ie 
ineluded only tatast the patentia fr future 
BEB conversion, 


‘Sensitivity Analysis, 


Conservative technology assumptions 
‘were used in the baseline scenario 
providing reliable basis to plan fer future 
‘electrification. A range af different scenarios 
\worealso tested toreprasent future 
improvements in technology, diferent on- 
route charger power levels. and variations in 
how the systam would perform at different 
“starting SOC. The natwork of 22 an-route 
‘charger locations was used forall sensitivity 
testing. 


First, we tested the potential impact of 
Using diesel auxiliary heaters instead of 
‘electric heatars. While this has the downside 
‘of ereatinga small amount of tailpipe 
‘emissions during the winter, it algo produces 
‘dramatic improvement in compatibility 
results. This technology could increase 
‘compatiblity results by 16 ta 19 percontage 
points. 


For future improvements in technology, 
‘several different options were modeled. 
Larger batterias of §25 kWh and 660 kWh 
‘ware tastad with the battery consumption 
rata adjusted proportionally according to 
the OEM published values. Adaitionally, 

in the coming years battery dansities are 
‘expocted to triple, reducing the overall 
‘weight of the battery. Accommodating 
battery woight currently accounts for about 
‘9% of BEB power usage, so an increase 

in battery density would reduce battery 
‘consumption rates by 6%. This reduction in 
battery consumption rate due to an increase 
in battery density wasalso a scenario that 
was tested, Using a larger battery with 525 
ih or 860 kWh significantly increases the 
percentaf yahicle blocks that are suitable 
far electifieatian, while an inerease in 
battery densities has a minimal impact 

‘on the percent of vehicle blocks that are 
suitable, 


Alternative power levels far on-route 
‘chargers were also tasted (200 KW and 
£200 kW) to understand how different 
power levals would impact the percant of 
blocks that are suitable fer electrification 
While thera are minar changes between 
the baseline seanaria and the alternative 
ower options on weekdays, the impact an 
‘compatiblity for weekend service is mare 
signifiean, 


We also tasted a mod adjustment in which 
battory consumption rates would vary 

by speed. This was estimated using data 
fram a BEB trial in Canada that showed the 
felationahip batwesn battery consumption 
and speed as a "consumption rate curva” 
The Canadian consumption rate curve was 
sealed to matah SEPTAS experience by 
using battery consumption data from SEPTA 
Route 29, The impacts of bus speed indicate 
that faster routes should have improved 
battery performance compared with slawer 
routes. Overall, making this adjustment for 
‘speed could yield.a 10 percantage point 
increage in the blacks that are suitable fr 
‘electrification as compared to the baseline 
‘scenario. However, thera is considerable 
Lncertainty inthis finding because the data 
relating battery cansumptian with apeed is 
stl limited, 


‘The fast-charging power that is accepted 
by buses varies based on battery SOC, with 
batteries at higher and lower SOC accepting 
significantly less than the full poner fram 
the charger, This relationship could change 
‘as technology devalaps, so We tested the 
impact of having the buses accept full power 
fram the charger regardless of SOC. This 
ylalded minar increases in the percent of 
blocks suitable far electrification during 
weekday service and about an @ percentage 
point increase for weekend servica, 
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Lastly, ta understana haw beginning service 
at differant lavals af SOC would impact the 
ppereentef yahicla blocks that would be 
suitable for elactifiation, three different 
beginning levels af SOC ware modeled. 
‘expacted, asthe SOC at the beginning of 
serves decreases, the percent af vahicla 
blocks that are suitable fer elactification 
also decreases compared to the baseline 


The complete results ofthese afferent 
seanarias, as well as the basaline scenario, 
ara shawn in Figure 20, 
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Resiliency Screening 


with 22 on-route chargers available, we 


Resilience of an BEB fleet ia a concarn tested what parcentage of blocks could be 
that many agencies have, especially as ‘operated using only on-route chargers in the 
new and different resiliency strategies ‘event of a power failureat the districts. The 
‘ay be required in ease af a power outage. results ofthe analysis shawing the percent 
Understanding haw an BEB systam would ‘of blacks that would be operational far ane, 
perform in case of a power outage is two, and three days and indefinitely without 
Necessary ta be able to property plan for garage charging are shown in Table 2. 


resilience, Using the baseline scenaria 


Appendix B: Equity Analysis 


Background 
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Methodology 


The equity analysis sa0ks ta help prioritize 
ZEB doployments among different 
‘operating districts by understanding 

‘the demagraphies ofthe areas served, 
‘Spoeificaly, wa calculated the percont 

low income and pereant minority within a 
half mile of aach ofthe eight SEPTA bus 
‘garages and within a quarter ile of the 
Toutes operated by the same bus districts. 
Percent low income represents the share of 
population belaw 2008 of the poverty level 
Percent minority represents the non-white 
‘share of the population. The Equity Analysis 
utilized exnsus tract level data from the 
‘American Cammmunity Survay (2016-2019) 
five-year estimates. The percentage results 
‘aa found below in Table 22. 


Findings 


The overall equity analysis values and 
privity raungs are shawn in Tables 23 
{and 26 below. "Low" ratings were given 

or low-incame or minarity values balow 
10%, "madium’ ratings were givan for 
‘values betwean 30% and 46%, and “high” 
ratings wore given for values greater than 
45%, Districts with high overall equity 
rating include Allegheny, Callowhil, 

Comly, Frankford, and Midvale. Districts 
with madium overall equity rating include 
Southern and Vietory. The any district that 
hada low overall equity ratings Frontier. 


We alsa mapped low-income and minority in this low-income eatagery. The Frantiar 
populations tounderstand their geographic arid Sauthern Districts have 15% to 2156 of 
‘istribution. As seen below in Figure27,tha population inthis law-incame catego, 
share of population below 200% the federal 

poverty leva is mostly concentrated within 

Philadelphia County. Allegheny, Midvale, 

Comily, Frankford, Vietay, and Callowhill 

Districts have a range between 4286 ta 81% 


‘As soen below in Figure 22, the minarity 
populations within the service area are 
‘concentrated within Philadelphia County, AlL 
‘of the bus districts in Philadelphia except 
Southarn serve high minerity populations. 
ranging from 80% to 95% (Victory, Callowhil, 
Alleghery, Midvale, Com, Frankford). Lowar 


‘minority population shares are sean near 
Frantiar and Southern Districts, 


Figur 22- Win popltion ante pepo) 


Appendix C: District Design, 
Operations and Maintenance 


‘This appendix details the design, operations 
and maintenanes considerations that 
informed the concept drawings in Appendix 
D. 


Standardization of Charging 
Technology 


‘The Society for Automotive Engingers 
(AE) Internationals leading an effort to 
‘develap uniform standards or charging 
equipment. Charging equipment standards 
ensure consistancy and interoperability 
between charging equipmant and buses. 
Standardization reduces the lkalhood af 
‘charging equipment bacomning ebsolete 
thereby lowering the risk af stranded assets 
far transit agencies. Standardization also 
simplifies operations by streamlining parts 
inventories and prevantative maintenance 
activities. As the BEB industry is rapidly 
valving, the currant standards are subject 
ta change ta keep pace with technolagical 


‘The standards that relate to potential 
charging solutions for SEPTA include! 


> SAEJ1772"Electrie Vehicle and Plug- 
In Hybrid Elactrie Vahicle Conductive 
Charger Coupler” (Detaber 2017) 

> SAE3105 Electric Vehicte Power 
Transfar System Using Conductive 
Automated Connection Devic 


(January 2020). The subsection 
4J8016/1 “Infrastrueture-Maunted 
Cross Rail Connection" details the 
inverted pantograph (pantograph 
down) canfiguration that is of interest 
ta SEPTA, 

> SAEJ2054/2 Wireless Power Transtar 
(of Heavy-Duty Plug-In Electric Vehicles 
and Pasitianing Cammunieation’ is 
currently being developed. 

> SAEJ2091 Charging Data 
Communication Protecal 


‘The SWIFTCharge Allianca is also working 
‘on @ universal inductive charging standard. 
The Alliance was developed in response 
tathenged for aglabal industry standara 
far inductiva charging that assures 
interoperability of systoms. The standard 
will cover the full spectrum of practical 
power ranges with ful interoperability 
between GEMs, geographies, and power 
levels. 


Garage Charging Considerations 
Physical Constraints 


Larger BEB deplaymants raquire significant 
space at districts to install charging 
infrastructure. SEPTA's bus districts have 
considerable space constraints due to 
‘ahiela operational flow, Facility age, uniques 
istrict bulding architecture, and storage 


requirements. Therefore, itis important 
to understand the specific space-related 
‘opportunities and challenges for BEB 
Infrastructure at districts. 


‘The type of charger selected has a 
‘considerable impact on the amaunt of 
space that must be allacated ta charging 
infrastructure. A typical charging station 
includes multe pieces of equipment, 
ineluding a transformer, switchgear, charger, 
‘and dispensor. Plug-in chargers oftan 
require more space compared to ather 
‘charging options, especially when slow 
‘charging ground-mountad configurations 
ara selected. Generally, facities can 

‘easily accommadate plug-in chargers for 
asmallar-sizd fleet but finding space to 
install plug-in chargars fora full fleet of 
BEBs may be more challenging, 


There are same alternatives to installing 
‘charging equipment directly adjacent 

taa bus parking spot. Space-saving 
‘configurations for plug-in charging 
‘equipment include placing the dispenser 
remotely from the rast of the charging 
‘equipment, 50 that charging cables can be 
pulled dawn from the ealing. With this setup, 
‘cord retractors with power and contrals 
must be incorporated ita the dasign to 
raise and lower the charging cablas from 

the ceiling. While overhead installations will 
feduce the space requirements, they may 
add cost dus to the need to reinforce the 
‘overhead structure o that it can support 
the additional weight. There isalso a limit 

ta the length af the charging cables, The 
maximum distanea for DC power distribution 
Js between 300 and 500 feet, depanding on 
the charging equipment manufacturer. This 
means the distance between the charging 
‘cabinet and dispensoris limited to 300 ta 
500 feet, including vertical drops or rises. 


‘Overhead conductive charging and inductive 
‘charging are other aptians to accammadate 
large-scale BEB fleats with limited space 

at the district for chargers, Fast charging 
lanes” equipped with high-powered chargers 
‘can provide buses with the oppartunity 

ta recharge batteries upon arrival at the 
district or during servicing. Higher-powered 
‘chargers located in designated charging 
lanes decrease the required charging time 
‘on aslow charger and reduce the number 
‘of slow chargers needed in bus at individual 
bus parking spaces. Overhead conductive 
‘chargers must be located in a place where 
the ground is relatively level, A sloped 
surface willintarfera with the eantact 
between the pantograph and the charge 
rails on the bus. Slope tolerances vary by 
‘charging equiprment manufacturer. 


Given the space constraints facing SEPTA'S 
bus district, bus length is another 
important cansideratian, SEPTAS existing 
bus fleet is primarily comprised of 40-foot 
buses. While the majority of the 40-foot BEB, 
‘offerings on the market measure precisely 
40 feet in angth, some BEB manufacturers! 
“40-foot buses" have an actual langth that 
i 25 feet longer. When building. fleet of 
EBs, this difference in length ean result 

in acritical loss of storage capacity at an 
already space constrained district. 
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District Power Infrastructure (Substations, 
Ete.) 


‘With the exception of Southern District— 
SEPTAs frst BEB pilot location ~ SEPTAS 
bus distriet facilities are powered by a 
12,2KVAC single line feed trom PECO, which 
is then converted to 4B0VAC thraugh a 
step-down transformer, Each facility has 
transformer rated to support its existing 
power demand. Thaugh these facilities do 
otuse the full pacity oftheir respective 
tvansformers, the excess capacity cannot 
suppert the minimum pawer demand of 
‘each district when the bus lest is fully 
electrified. 


In order for each district's infrastructure to 
support the full electrification af SEPTAS 
bus fleet, adcitional power sources must. 
be emplayed. SEPTA's power source options 
include increasing the number of PECO 
feeds atthe facility: using SEPTAS on-site 
micto-grid as a source of power; and using 
available capacity from a nearby SEPTA 
Uvaction-power substation 


> PECO: Service upgrade in order to 
‘provide enough power ta support the 
BEB infrastructure. Rafer to Electrical 
Capacity sectian, below) 

> Micro-grid (CHP): Power from a 
‘combined heat and power micro-grid 
10 Support BEB infrastructure. 


> Traction power substation: SEPTAS 
‘action-power substations are 
configured with dual PECO feeds to 
‘support SEPTAs Broad Street Subway 
‘and Market-Frankford Elevated transit, 
lines. The substations’ common bus, 
‘supported by the two incoming PECO 
feeds, can provide 4MW of redundant 
power to the BEB infrastructure at 
‘each of the traction power substation 
locations 


Location of Charging infrastructure 


Intraducing new equipment and 
infrastructure will require creative use of 
‘isting istrict space, potentially stacking, 
hanging. or mounting proposed aquipment 
‘and associated infrastructure. Conceptual 
layouts utilize modular units cantaining 
‘charging equipment and infrastructure in an 
effort to centralize equipment and minimize 
‘spatial impacts at districts. In the event of 
stacking and/ee mounting equipment tan 
‘dating structure, engineering evaluation 
and design will be necassary to retrofit, 

the structure. The location of the charging 
infrastructure or equipment will ned to be 
located ta maintain necessary clearances 
for bus maneuvers and space usage, 
Underground utiities and infrastructure 
(basins, tanks, etc) add complenty to 
‘engineering design af rew equiament pads 
‘and foundations. 


Ifexisting space and/or capacity is 
determined to be insufficient, potential 
adjacent and/or naw property acquisition 
may be required. The benefits of property 
acquisition include the ability to phase and 
“stage the transition toa zera-emiasion bus 
floet, while reducingimpacts to existing 
districts and operations by temporarily 
relocating some functions to the naw facility. 
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Etectrical Capacity 
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Tariffs and Rates 


PECO’s Electric Service Tariff le defined 
in Supplement No. 88 to Tariff Electric 
Pa, RUC. No.6. Pennsylvania has 
‘comparatively [ow supply rates. 


SEPTA's bus districts would fall nto one of 
thrge cfferent PECO rato classes, either the 
high-tension (HT), primary distribution (PD), 
and electric propulsion (EP) rate classes. For 
‘on-route charging locations, if the damand is 
1.SMW or less the on-route charging location 
‘would fall under the general service (GS) iit 
is larger, it would fall under the HT rate class 
and Would require a medium voltage switch 
and transformer capital expenses. Table 
28 below summarizes the aiffarent rato 


Table 26—charaesty rates 


eed Charge 2as95 
‘sh cna 18 


2 dain oles 


‘lasses, including their fixed chargos and 
‘charges per kW. 


Currantly, SEPTAS bus districts typleally 
fall undar the HT rate class but could 
‘conceivably fall under the EP tartt. Table 27 
below summarizes potential savings related 
ta PECO tariffs if each istrict were to switch 
ta the eleetric prapulsion rate class for 
‘existing service, By switching ta thisrate 
class, it would alsa reduce the delivery costs 
far the naw service. The savings datailed 
below are annual and do nat include any new 
BEB infrastructure, only existing loads for 
ilustrative purposes. 
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Charge Management 


Charge management systems allow transit, 
agencies to be able to monitar and manage 
the charging process far their fleet of 
\ohiclas. There area varity of charge 
management solutions available that 

allow for transit agencies to control when, 
for how tong, and haw quickly an electric 
\ehicla charges, Garage staff da net need 

ta manually plug and unplug vehicles once 
the desired state of charge (SOC) is reached, 
which decreasas the chance far errars, BEBS 
‘can be plugged into the chargers and the 
‘charge management system can manage 
the process for when each bus is charged 
and for how long, These systems allow 
transit agencias to optimize charging and 
reduce the peak power draw by spreading 
‘out the demand to save monay. Charge 
management solutions are also usaful in 
‘managing larger fleets of electric vehicles 
since a centralized systern would show 

the SOC of each bus withaut having start 
manually check on each ane. These systems 
‘can also improve battery health as the 
system can turn off the power supply once 
the dasired SOC is reached 


Charging schedules can be created and 
many solutions have praduct offerings that 
Intograte route schadulas to generate an 
‘optimized charging plan forthe facility. 

This ean holp prioritize the vehicles to 
‘charge first or charge faster based on thai 
scheduled departure times. Thase charging 
‘schedules can also be adjusted based an 
variabla power casts to further lewer utlity 
costs 


These systems can regulate how quickly oF 
slowly a bus charges, allowing ta stay within 
the grid capacity. Along with controlling 

te Speed af charging, power can be ited 


tia group of chargers as woll. Depending 
‘on whan the charge managament system 
Ts deployed, they can lower infrastructure 
invastmant eoste atthe facility by reducing 
the naed to upgrade the connection tothe 
main power grid. 


‘Smart charging systems interact with 
‘multiple charging davices ata given location 
ta strategically output power ta meat vehicle 
‘charging neads while optimizing casts, 

BEBs can be plugged inta the chargers and 
the smart charging technalogy system can 
‘manage the process for when each buss 
‘charged and far how long. The key primary 
benefits of such a platform include: 


> Mestingall fleat operation 
requirements ta ensure that every bus 
is charged and ready before departure 

> Reducing the east af energy, by 
automatically charging t the right 
time and rate, without impacting fleet 
operations 

> Maximizing the charging infrastructure 
available and reducing the need to 
invest in extra infrastructure 

> Comprehensive reporting on energy, 
charging stations, and buses 

> Improving battery health as the system 
can turn off the power supply once the 
desired state of charge is reached 
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When evaluating emart charging technology, 
'SEPTA should consider aflaet dashboard 
‘with real-time manitoring, anergy 
management, and comprehensive reparting 
‘of vahicle and charger status including the 
fallowing: 

> Time to complete charging 

Transaction start time 

Current pawer Level 

Available power level 

Current energy dispensed 

Total energy expensed 

Battery stato-of-charge 

Chargr status 

Vehiele status 
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Connected services status 


(One ofthe main drawbacks to implementing 
smart charging technology is that the 
‘systom may be costly, and depending on the 
provider, an agoncy may need ta purchase 
several different modules for the system to 
fulfil all or their charge management neads. 


{As infrastructure continues ta be mare 
interconnected through the internet, the 
threat of eyberattacks will only cantinua 

to increase. Rasearchars at the Southwest 
Research Institute faund that they ware 
able ta hack inta the electric vehicle 
‘charging equipment and harm the system, 
by overcharging the battery, blocking the 
\ehicla fram charging, and limiting the 
charging ates. While a cybersecurity threat 
ta BEB fleot has yet to aceur, agencias 
should be prepared for this threat and 
‘work with their Information Technology 
departments and the charga management 
‘solution provider to secure their systams. 


‘Smart charging tachnolagias are designed 
ta be interoperable and should wark with 
varity af different charging types and 
BEB manufacturers. Recently, there Nas 
been a push tanards standardization af 

the charging communication between the 
Vehicla and the charging point as well as the 
‘charging point and the charge management 
system. The Open Charge Point Pratacal 
(QCPP} isthe current communication 
protacal between the charging 
infrastructure and the canmunication 
system. The agency's chargers wil need to 
be set up with OCPP version 1.6arlater 0 
‘work with amart charging technology as wall 
‘asaccess tothe internat. 


‘Structural Considerations 


‘There are structural considerations that 
‘would need to be accounted far when 
planning for BEB charging infrastructure, 
Additional study will be necassary to 
‘determine if hanging or maunting the 
proposed equipment and associatod 
Infrastructure is an appropriate solution. 
The fallawing provides a brief overview af 
the potential structural eapacity at each 
‘of SEPTA's bus distriats and maintenance 
facilites: 


> Berridge: 4 portable charging station 
is anticipated at the facility with no 
impact to the structura. Currently, the 
facility has solar installed an the roof 
af the building 

> Comly: [ris anticipated that there 
is some reserve structural capacity 
‘because the original built-up roofing 
(BUR) system was replaced with 
Conventional madified bitumen roofing. 
The original bullding raaf structure 
is an quite dated, and its unclear 
what the structural capacity would be, 


However, the building addition may 
have more capacity and appears to 
have fewer overhead conflicts. 

> Callowhill: Thora are concerns ralated 
toavailable structural capacity. The 
facility has solar installed on the root 
‘and the structural loading wauld need 
tobe verified, 

> Frankford: The structure isa precast 
system. and there is potential for 
raserved capacity in the existing 
structure. SEPTA may need to consider 
removing the ballast on the roof 

> Midvale: There are concarns related to 
available structural capacity. 

> Southern: Thare are long-span joists 
with a metal deck, which have similar 
problems as the precast system 
found at Frankford, though they 
would be easier to reinforce. Stratagic 
fplacament and reinfercing of the 
‘structure Would be necassary for 
concentrated loads of tha suspended 
‘equipment. However, the facility Ukely 
does not have much reserve capacity. 

> Allogheny: Thereare concarns related 
toavailable structural capacity 

> Frontier: Thera are cancarns related ta 
available structural capacity 


> Germantown: A portable charging 
station is anticipated atthe facility 
with no impact tothe structure. Thare 
ara similar concerns at this district as 
with Comly and Frankford. 

> Vietory: There are concerns related ta 
available structural capacity 


At districts where outside storage ang 
‘depot charging isproposed, a gantry and/ 
‘or canopy system is proposed ta maximize 
the ability ts mount equipment above for 
potential space savings. A canapy system. 
‘could be evaluated far solar installatin, 


District Infrastructure 


‘There is existing district infrastructure that 
‘would need to be updated or remaved as 

the diesel and hybrid bus flea transitions to 
an all-BEB fet. As SEPTA transitions away 
from diesel buses, the districts wil no langor 
‘eed to utlize vehicle exhaust equipment. 
\with the BEB fet. This vehicle exhaust 
‘equipment could either be abandoned in 
place ar remaved. Additionally, there would 
bea reduetian in the fluid dispersion and 
disposal of motor ail and ather maintenance 
tasks related with internal combustion 
‘engines. Further coordination with SEPTA 
‘System Safety is required for existing above 
ground and below ground storage tank 
‘evaluation and removal 


With the transition to BEB, the fire 
‘suppression systems atthe districts will, 
‘heed ta be evaluated in battery storage 
areas to ensure that they would praperly 
beable to extinguish a fire in case of an 
incident. There may be a need to add clean 
‘agent systems, which are electrically 
non-conductiva, volatile, ar gaseous, toa 
district's fre suppression systems in the 
‘case of an electrical fre. These clean agent 
fire suppression systems are alsa beneficial 
‘as they da net leave any residue after 
‘evaporation and raquire minimal clean up. 


In future design interactions, the designer 
‘of record (DOR) will be responsible for 
‘evaluation of sita development, erosion and 
sedimentation control. and stormwater 
management impacts based an earth 
disturbance. 
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Appendix D: District Concept Plans 


‘SEPTA’s current bus fleet operates aut 
of eight districts respansible for the 
‘operations, maintenance, and storage of 
\ehiclas. Mast faclities ware initially built or 
‘modified to oparate and maintain a diesel 
bus fleet and are equipped with fueling 
lanes, bus washers, and maintenance 
‘equipment. Each district is responsible for 
‘operating specific bus rautes, The tatal 
umber of buses assigned to each district 
Ts based on facility capacity and raute 
requitemants from gach location 


‘SEPTAS districts varyin size, age, and 
‘condition. On average, each district houses 
167 buses, Of the eight facilities, three were 
built before 1930, three between 1950 and 


1870, and two between 1986 and 1998, The 
largest district, Midvale, provides service 

ta the City of Philadelphia and houses 312 
buses (21% of foe 


Concept drawings for each district are 
includad on the fallowing pages and show 
strategies for incorporation of fast and slow 
‘charging for BEBs at each district. 
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Appendix E: Fleet Transition Cost 


Analysis 


Key Cost Elements And Assumptions 


This analysis seeks to understand the 
‘costs that SEPTA should expect aver the 
‘course afa transition toa ZEE fleat. We 
have projected various operating costs and 
‘capital costs associated with the SEPTA bus 
floet aver the period 2022-2040. These costs 
are calculatad in year of expenditure (YOE) 
dollars, including inflatian ata 2% annual 
rate. The spacific cost categories included 
in our analysis are described below. Social 
and environmantal casts and benefits are 
discussed in Section 6, Sustainability and 
Equity Analysis, and Appendix, Emissions 
Analysis. 


Operating Costs 
Diesel Fuel 


Diesel fuel costs ware calculated for every 
hybrid bus in the SEPTA system aver each 
year ofthe transition period. SEPTA's buses 
are estimated ta traval an average of $2,000, 
miles annually, and their fuel effciancy 
ranges from 4,54 to 2.80 miles par gallan 
‘depending on vahicle type. These figure 
allow us ta calculate the gallons af diesel 
fuel consumad annually. We also know that 
SEPTAs current price por gallon of diesel 
fuel is $2.59 including dalivory, and this 
price is anticipated to grow overtime based 


‘on projections developed by the US Enargy 
Information Administration, allowing us ta 
project total diasel fuel casts each year, 


Electricity 


Hloctrcity costs wore projected for BEBS 
based on the current rate structures for 
ECO electrical delivery and Canstellation 
NowEnergy (CNE) electrical supply. Rate 
calculations were completed for each bus 
garage and for each on-route charging 
location, using the electric propulsion rate 
class. The specific amount of anorgy used at 
‘each location was calculated using schedule 
modeling rults that indicated usage af an- 
route chargers as well as the and-af-service 
battery ovels to be addressed through 
garage charging. At garages, wo assumed 
that charging can be managed to occur 
primarily during off-peak overnight periods, 
‘such that daytime power damand can be 
limited to 80% of the peak overnight pawor 
‘demand. Note that the results ware adjusted 
ta represent typical battery consumption 
‘conditions (rather than adverse winter 
‘conditione) and scaled accarding ta what 
percentage af each location's buses are 
‘electric in each year of the transition, We 
also assume that electricity prices wil 
fallow growth projections developed by the 
US Energy Information Administratian in 
future ye 


Hydrogen Fuel 


Hydrogen fuel casts were calculated for 
‘every FCEB in the SEPTA gystern aver 

the transition period, These calculations 
assumed that the prica per kgf hydrogen 
fuel declines over time, based on HOR 
projections shawn in Figure 23. Our 
‘ealeulations algo utilized hydrogen fuel 
efficiency of 296 ta 6.37 mi/kg depending 
‘on vehicle type. Thase projections reflact a 
market dominated by gray hydrogen; note 
that green hydrogen wil likely be more 
expansive, 


Maintenance 


Maintenance casts for buses ware 
calculated on a per-mile basis. Existing 
hybrid buses have a maintenance cost 
‘of $2.20 per mile, but ZEBsare expected 

ta have lower maintenance costs due ta 
having fewer moving parts. We assumed the 
maintenance cast raduction was 9.1%: this 
is based an an 18.586 estimate by Proterra, 
butta be conservative, their estimated 


reduction was only applied to materials and 
net labar." 


For chargers, maintenance costs are 
‘estimated using annual values. Each slow 
‘charger was assumed ta require $2,500 of 
‘annual maintanance, while each fast charger 
‘was assuined to require $15,000 of annual 
maintenance. These values include parts 
‘and labor for proventative and corrective 
maintenance and are based an peer agency 
estimates. 


For hydrogen fueling infrastructure, 
maintenance casts are alsa estimated 
using annual values. Maintenance of this 
infrastructure js estimated to cost $230,000 
per 100 buses annually. This is based on 
‘experiance from AC Transit. 


Labor from Schedule Changes 
To the extent that the SEPTA bus float 


‘transitions ta BEBs, we anticipate that 
‘some vehicle achedule madifications will 


Hydrogen Fuel Cost per kg 
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be noaded ro split long blocks into shortor 
assignmants ta ensure service is Fully 
‘compatible wth electrification." The 

‘costs of thase changes ware calculated by 
assuming that splitting block adds two 
new 15-minute trips, going to and from a 
garage, The cost of this added aperation was 
‘estimated using fully-loaded operating costs 
that range from $55.12 to $68.47 per hour. 
We assumed that SEPTA will avaid making 
these changes far as lang as possible, and 
the changes will nly occur when required to 
‘continue electrification of blocks that would 
not otherwise be compatible accarding 

ta the flat transition timaline. We should 
also note that same of these blocking 
‘changes could require adaing buses to the 
floet if thay occur during peak timas: these 
impacts on flast size and purchases ara also 
addressed elsewhere in this playbook for 
‘consistancy. 


Bus Purchase Price Assumptions 
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Capital Costs 
Vehicle Purchases 


Bus purchase costs were modeled based 
‘on the planned bus purchases specified in 
‘our fleat transition timeline. This timeline 
builds upon SEPTA's Projected Quarterly 
Bus Fleet Size spreadsheet, and anticipates 
future purchases based on a 15-year vehicle 
lifetime, The specific assumptions for bus 
purchase prices over time ara shawn in the 
figure balaw. The 2021 pricing fer hybrid 
buses and BEBs was set based on figures 
provided by SEPTA. For FOEBs, high and 

low estimates ara used to reflect uncertain, 
pricing. The trends for price growth are 
based on information from the American 
Public Transportation Association and the 
California Air Resources Board,” 


Chargers 


‘The caste of chargars at garages and at on- 
route locations were estimated using quotes 
fram Helios. These estimatas assume 
typical prices of $88k per stow charger 

‘and $233k per fast chargor. Other directly 
related casts included in our estimates. 

‘are pantograph dispensers, conduit, and 
cabling. At garages, we assume that those 
costs occur proportionally as the electrified 
storage capacity grows. Atan-route 
‘charging locations, we assume that thase 
‘costs occur in the frst yar that any buses 
‘would potentially naed ta charge at each 
lacation, We alse assume that chargers have 
15-year lifetime, and replacements are 
anticipated whan retirement ageis reached. 
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Facility Uparad 


‘The costs of facility upgrades neoded 
ta support BEBs were estimated by 
subeonsultant JCMS, These facility 
Upgrades include a range af elements 
‘such as concrete work, structural stool, 
‘communications equipment, electrical 
‘cabling and conduit. transformers and 
switchgear, backup gas generators, and 
allowances for demolition, relocations, and 
removal of hazardous materials. Al facility 
‘costs include installation. Facility casts 

do not include the casts of new/upgraded 
ECO service to aacommadate chargers, 
any facility additions or expansions neaded 
‘toaddress storage capacity needs, or 
state-of-good-repair needs ar atructural 
modifications that may be needed to 
‘accommodate charging equiament at 
districts 
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‘At garages, wo assume that these costs 
‘occur proportionally as the electrified 
storage capacity grows. At on-raute charging 
locations, we assume that these casts 
‘occur in the first yaar that any buses would 
potentially naed to charge at each location. 


The costs of facility upgrades needed 
ta support FCEBs were estimated by 
ssubconsultant HOR. These facility upgrades 
include fuel tanks, pumps, vaporizers, 
maintenance bay upgrades, dispensers, 
‘and station modules. The upgrade costs are 
shown as a range toreflact uncertainty. 


Anticipated Subsidy 


SEPTA’s ZEB purchases to data have been 
‘subsidized by external partners such as 

‘the Federal Transit Administration, and its 
anticipated that comparable subsidies wil 
‘continue in future years, Specifically. we 
‘assumed that SEPTA will receive funding, 
‘that matches 119 af the cast af each ZEB 
purchased. These subsidies were counted as 
Nogative costs that help offset other capital 
spending, 


Cost Modeling Scenarios 


‘The cast inputs above were used to compare 
thrae scenarios for the SEPTA bus fleet: a 
baseline seanatia that continues usage af 
hybrid buses, a scenario that transitions to 
100% BERs, anda scenario that transitions 
ta 808s FCEBs and 20% BEBs. The baseline 
seanario maintains the current feet size and 
‘does not include any facility improvernents.. 
The electric scenario inereases the bus feet 
‘za by 25, n order ta split apart long vahicle 
assignments, and includes investments in 
‘on-route chargers and garage upgrades. 

‘The 8055 FCEE seenariarequiras a smaller 
increase in the bus fleat & buses) and 
‘electrical infrastructure alignad with 

its smaller BEB cubflast. The scenarios 
follow facility upgrade plans and fieat| 
purchasing plans that are described in the 
Implementation Plan section. 


‘Summary of Cost Modeling Results 


‘The overall results af aur east modeling for 
the flaet transition period of 2022-2040 ara 
‘shawn in Table 29. This shows that madelad 
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‘operating costs wauld be lower forthe ZEB 
fleet scenario compared with the hybrid 
fleet baseline over the 2022-2040 transition 
period: 65 lower for the 100% BEB scenario 
‘oF 4% lower for the 80% FCEB seenario, 
However, modeled capital costs for the ZEB 
‘seanarias would be higher compared with 
the hybrid fleet baseline: 12% higher fer the 
100% BEB scenario oF 39% ta 19% higher 

far the 80% FCEB scenario. tn total, we 
anticipate that the BEB fleet scenario adds 
relatively modest cost of $48 over the 
twansition period, while the 805% FCEB fleet 
scanaria cauld range trom ant savings of 
‘$58 to anet cast of $282m_ 


There are several reasons that the ZEB 
sanarias could be more castly than shown, 
‘Our estimates do nat consider the cast of a 
row garage, which will Ukaly benesdad to 
‘address existing capacity issues that would 
bo exacarbated with the addition af new 
fueling equipment or charging equipment 
at distiets and which could significantly 
increase the capital investmant, The ZEB 


scenarios also de not address any existing 
‘state of good repair needs or structural 
Upgrades that may nged te be addressed in 
conjunction with upgrades to accommodate 
‘ZEBs at each district, For BEBs, there wil 
‘also be costs associated with bringing 
‘additianal PECO service to districts and 
‘on-route charging locations and further 
‘coordination with PECO will be needed ta 
idontify those costs. There is also a rik that 
theanticipated subsidies de not continue at 
the level assumed 


However, thera are also reasons that the 
ZEB scenarios may be more attractive 
than shown. The transition period includes 
the continued operation of hybrid buses 
Lntit 2040, so full aperational savings 

fram transitioning will not be experienced 
Until the end of the period. in addition, 

the transition period includes capital 
inyastments to support the new fleet that 
‘would nat be part of the ongoing financial 
picture 


Figure 25 bolow gives a mare detailed 
picture af operating costs aver the transition 
period, This shows that the ZEB fleet 
seanatias generate a substantial eduction 
in diesel fual costs. While they also add new 
‘costs associated with electricity, achedule 
changes, and hydrogen fual, these are not 
large enough to offsat the savings from fuel 
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Figure 26 bolow shows the modeled capital 
‘costs in greatar detail. The ZEB Reet 
seanarios are anticipatad ta require greater 
‘capital spending for vehicle purchases. 
facility upgrades, and chargers. While we 
anticipate a large subsidy totaling over 
'$250m ta support vehicle purchases, 

this stil could laave a simlar amount of 
additional capital costs that SEPTA would 
bear 
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‘The cast modal can also be used to 
Understand east trends over time. Figure 27 
shows the cumulative net cost af selacting 
the 100% BEB seanaria ar the 80% FES 
sconario aver the hybrid fet scenario. 

This shows that the net cost grows from 
2026 (when SEPTA starts buying only ZEBs) 
Until the mid 2030s, whan mast eapital 
investments are complete. At the end of 

the 2030s, the cumulative net casts begin 
tadeciine as SEPTA reaps the benefits of 
reduced oparating costs. The cost modal 
shows that the cumulative costs of the two 
seanarias wauld break even n 2042 or 2043, 
shortly after the ZEB transition ls eomplate, 


Cumulative Net Cost of ZEB Scenarios Compared with 
Hybrid Scenario 
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Appendix G: Maintenance and 
Weight Considerations 


Vehicle Maintenance Considerations 


This section provides an overview of 
hey considarations related to vehicle 
maintenance and performance that should, 
be taken into account during a transition to 
an electritiag bus fleet. 


Weight of Buses 


ERs are typically heavior than diosel 
buses largely due to the weight of the 
battery packs. Some available BEBs have 
limited passenger carrying capacity due 
ta the additional weight ofthe batteries, 
Preliminary research an BEB performance 


and maintenance requirements suggests 
that suspension wear may also'be higher 
‘due to the increased curt weight. The 
heavior vohiclos may also have a greater 
impact on read infrastructure. 


Table 30 shows the variation in weight and 
battory sizes among 40-foot BEBs from 

the top three OEMs in the North American 
markat. Depending on manufacturer. 40-foot 
BEBshave a curb waight of approximately 
26,600 ~ 35,000 pounds. The larger 

battery efferings from each manufacturer 
‘correspond to a heavier bus. 
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For comparison, the cur weight of 40-foot 
diesel buses is typically between 26,000 — 
28,000 pounds. though BEBs ara heavier 
than diesel buses, SEPTAs existing lifts 
‘are expacted to be abla te accommodate 
‘the added weight of the BEBs. The only 
‘commercially available 40-foot BER with 
‘similar curb weight to a diesel bus isthe 
Proterra bus with the smallest battery. 
Proterra buses with the largest batteries 
‘and BEBs from the ather manufacturers 
‘are heavier than the typical diasel bus. 
Extended ranga BEBs have the largest 
batteries and can weigh as much as &,000 
pounds more than a diesel bus, 


The structural materials ofa Proterra 
bus contributes ta the tower curb weight. 
Proterra utlizas a fiberglass compasite ta 
‘construct the load bearing structure, walls, 
floor, and roof, All ather manufacturers 

use welded tubular steel frame, with 
steel, aluminum, or composite body panels 
‘connacted ta the frame which similar 

ta the construction of diesel buses. The 
‘composite material of Praterra buses is 
lighter than steel ana will not earrade but 
‘may exhibit deterioration over time due 

ta structural stress. Duringa crash, the 
‘composite material behaves differently 
than steel and will raquire different repair 
methods. 


With the advances in battary technology 
and manufacturing, battary energy density 
has inereased over time and is expected 
‘ta continue ta do go, This means that as 
‘advances occur, battery packs will have a 
‘greater energy capacity with less waight. It 
is Ukoly that battary offerings will continue 
ta evolve forall OEMs and. asa result. the 
weight ofthe bus will varyas well, 


Appendix H: Review of Bus Depots to 
Accommodate FCEBs 


This appendix documents a preliminary 
review of SEPTA bus depots that sought to 
‘estimate whether outdoor hydrogen fuel 
storage and delivery wauld be feasible at 
‘each facility. Note that the findings inthis 
appendi« ara preliminary, and each district 
‘woluld need to be evaluated in-person prier 
‘to making definitive compatiality decisions, 
Only Midvale and Alleghany were reviowad 
in-person as partof this effort. Bus storage 
‘and maintanance would be feasible at all. 
‘acilitias with improvements, Storaga space 
impacts were nat quantified ar considered in 
this proliminary evaluation. 


The table below summarizes the preliminary 
Findings from this process: 
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Allegheny and Callowhilt wore rated as 

in regard te having space to support FCEB 
fueling infrastructure, These are both fully 
indoor facilities, and hydrogen storage and 
fueling may not take place indoors. However, 
additional options may exist for these two 
depots: 


Potential hydrogen fueling for these 
districts ata nearby depot with fuel 


storage capacity 


Potential hydrogen fueling for these 
distriets at another off-site facility 


New bus district Facility 
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Frontier was rated a: 
ta having space to support FCER fueling 
infrastructure. The figure below 
hydrogen fuel yard potentially placed in the 
exiating outdoor bus parking area; this would 
require reconfiguring the parking. Fuel 


dispansers could be placed ina new outdoor 
location, The setbacks related to the fueling 
infrastructure could petentially be reduced 
through use of firewalls, dependent on the 
local authority having jurisdiction. 
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lacation would need ta be 
infrastructure. 

hyatagan fuel storage placad in a 
autdeor bus parking area; this woul 
reconfiguring the parking. Fu 
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Vietory was rated as "Maybe" with re will be neadad to confirm the feasiblity of 

ta having space ta support FCEB fuel accommadating FCEB fueling infrastructure 

infrastructure. The figure below shows ALSEPTA bus dapots. Specifically SEPTA 
storage placed inan existing shuld pur 


he fallawing next 


> Further explore feasibility of facilities 


reconfiguring the parking. Fu 


‘could be placed in existing fusing lanes, The fated as"maybe" based on use of 
precise fuel tank location would road ta be Firewalls, existing fieepraaf building 
confirmed to meat property line satbacks, characteristics and local requirement 
and it may need to zhift away fram Cabs ‘f the autharity having jurisdiction 
Creok. The use af firewalls could reduce > Investigate acquiring additianat 
setbacks, dependent on the local autharity property for fusling operations for 
having jurisdiction Alleghany and Callowhil, 


> Evaluate the full range of building 
uipgrades that would be required by 
the autharity having jurisdiction, 


Please note that th 
preliminary as 


se findings: 
‘and further study 
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Appendix I: Environmental Benefits 


Emissions impacts associated with our ZEB 
transition seenarios were madelad using 
similar appreach to the cost madeling 
described in Appendix E The specific 
pellutants included in aur analysis are 
deseribed below. 


Emissions of €0, weracalculated annually 
far each bus. Hybrid buses gonorate 10.21 
kg C0, par gallon of diesel fuel” The pawer 
Used by BERS, provided by the ragional 
transmission organization PUM, produces 
781 Ibs CO, per Mh, and we assume 

this emissions rate cantinues declining at 
arate of 2.6% annually." Hydragen fuel 
produced via SMR generates 9.0 kg CO, 

per kg hydrogen.” Emissions from fuel 
delivery were also estimated using trucking 
‘emissions rates published by USEPA 
Delivery distances were assumed ta be 30 
miles for diesel and 712 mv for hydrogen (the 


median of suppliers after values over 1,000, 
miles were removed) 


NO, Emissions 


Emissions of NO, ware calculated annually 
for each bus. Hybrid buses generate 10.4 8 
NO, par gallon of diesel fuel.’ The power 
used by BERs produces 0.96 lbs NO, per 
kWh, and we assume this emissions rate 
continues dactining ata rate of 5.7% 
annually.” Hydrogen fuel produced via SMR. 
generates 0,899 g NO, par kg hyarogen.~ 
Emissions from fuel delivary ware alsa 
‘estimated using trucking emissions rates 
published by USEPA, 


PM, , Emissions 


Emissions of PM, . were alsa calculated 
annually fer each bus. Hybrid buses 
genorate0.119 gPM, ,per mile. while the 
power used by BEBs produces 0.0481 ibe 
PM, per kh,” & source for projected 
PM, aver time was not available, Hydrogen 
fuel produced via SMR generates 0,229 g 
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PM, erg hydragan.* Emissions from fuel 
delivery were also estimated using trucking 
‘emissions rates published by USEPA. 


Environmental Benefits 


Finally, our madaling demonstrates that 
‘converting ta a ZEB fleet will yield significant 
‘enviranmental benefits to SEPTAs service 
area. The projectad emissions reductions 
‘consider not any talipive emissians, but 
also upstream emissions ralated to pawer 
generation, fuel production, and delivery. 

‘Av the and afa transition ta an all BEB 
seanaria, annual CO, emissions wauld be 
7485 lass, NO, emissions would be 9485 loss, 
PM, emissions would be 45% less, and 
reise impacts would be 37% lass compared 
tapre-transition figures. 


[Ac the and af a transition tothe FCEB 
seanaria, annual CO, emissions would 
bbe 6954-079 less, NO, emissions wauld 
bbe 9156-9594 lass, PM, emissions wauld 
be 58%-B6% less. (The range of values 
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depends an whether SEPTA uses "gray" 
hydrogen praduced from fossil fuels via the 
SMR process, or “green” hydrogen produced 
Using electricity generated fram renewable 
‘energy sourcas. As nated earlier, SEPTAS 
‘choice of hydrogen ful type will prioritize 
‘more sustainable options tothe extent they 
are available: mare detall about the types: 
‘of hydrogon is presented in Chapter 4) 

Note that these projections include both 
‘emissions from anergy/fuel and from daily 
fuel dolivary ta each depot. Fuel detivary can 
bea substantial source af emissions, given 
that the nearast hydrogen supplier to SEPTA 
is aver 400 miles away. 


‘The detailed comparison of projected 
‘emissions under diesel hybrid, BEB, and 
FCEB scenarios are shawn in Figure 28 
‘These include emissions from tailpipe 
‘emissions, pawar generation, fuat 
reduction, and fuel delivery. The emissions 
Faductions will benafit acal public health as 
wall as global climate sustainablity 
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